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data on the actien of phosgene onm man gnd ths laboratory snimals, fThig

The first part of tats report deals with laboratory tests whilse
the second part is a sompllation of thae yarious field tosts condusted by
the aimericans and Britigh on phosgenas &zd mixtures,

Phosgens has bean designmatsd as o, 6~52, D~Storr, carvonyl ehloride,
02rbon oxyohloride, collongite, kD=8, L3, .

4 gloasary of patholozieal terms, together with a di scussion
o€ mothods of obtaining ooncentrations sud othar toxisologiesl mathods
referrad to in this report is given in H.:i.0D, 105.




Ale . SURHARK,

As SYMTOMAPOLOGY OF PHOSOINZ POLSONIXGS

FPhosgens -86%s &3 & respiratory irritant¢, penetrating to the
terminal air colis of the lwgs. Tho symptoms whioh arise &re those
chiefly due to want of oxygen dus %o impaired functioning of the air ocells.
In adaition, there is laohrymation, salivation snd nasal disciarge. After
exposurs, the samsll of the gos remiins subjeotively for severel hours,

The symptoms noted upon exposurs to low oonoentrations aves
Irritation of the respiratary passages, coughing, dyspnoea, constricticn
af the chest and lachryzmtion. Thase syxptoss later decrosse and dis-

appaosls

Bxposure to high concentrations wswilly produces rapid, shallow
and labdboreod bdreathing, durning pain in the chsai, nauses, retouiing and
vonitinge This is followed by heedaos and asphyxial symptoms {respire-
tory paraxysms ending with gegging and frothy musous from the mouths
Thare may be extreme restlessness and anriety or semi-goma &nd delirium.
Tho blood shows an increase in haemoglobin, due to inorsased concentration
of red corpusdcles. X~ray exaninations shows dilatation of the right
boarte Broncac~pnsumonis frequently cocurs on the fourth ar fifth day
dus to sesamdary infeotions This is ocoompauied by inarsssed fever &nd
a pwulent sputix,

The gas hase & cuwrious ehersotorigtic efrect upon the taste,
causing the odor of tobacco smoka to be yory unpleasant.

Ons of two common $ypes of sywptoms &re freguontly exhibited
in cases of phos.ene polsaninge T predominant type is charactoriwifec
by an sshen yallor; the ilps sre leadsn colored; respirttion is rapid
an.: shallov with indications of irtanse cadema of the lungs; oougiring
is freguont; the pulse 1s 150-140 per winute, wWeak &nd rumy; and
;amoral colicpss followse In the othor typo tiers is dinstonsion of tne
suparficizl voins or tiae fice, noc: and cheste Yhe lips amd tongus aro
bius; Yrectiin:ia doeper anu more ropide  Tucre miy be & cowsh wWith
ex ectoration of thin fluiyg the pulse is 10V per minuta, full and witi
zood tsasione




8ymptoms Of phosgone polsming seldom ocour immdiatoly, and

death mey suadenly oocwr af ter an interval during which mo sign of injury
was oboarveds VYory of ten an inocapscity for exsrtion exists which is one
0r tho most marksd efregta or tho gas.

Tuo courss of tho disesse is largely dependant wpen the

activity of tho patient aftar boing gaesed, - Exposures to high ooncentra-
tions followed by gompleote rest and plenty of fresh air have of ten led to
recovary whoreis exposures to lower concentrations followed by exartion
have of tan resulted in death, ,

Doath usually ocours within the first three days and mey be

very suddsn, Secondary infection may cause death gven & tor a month or

|/OrGe

In t= ocase of dogs 4ying Kkoutsly, the temperature rises to a

maximum goinoident with the inoreased blood ooncentration. The temporature
thon Talls suddenly and the animal dies,

Wien dogs survive the scute period the temperature arises to

& maximm but the fall is slow and it graduzlly retwns to narmale

el

1,
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Se Uspor s=ir passoges.

little afrocted, nmsal snd pharyngeal mucosa moderatoly hyperagmtc.




be larymx,

Hyporaem o, neorosed and exfoliaged, moosa, Fragmentation and
fragture of muscle fiders, espoially of pw terior origoarytencids end -
transvorse arytsnoids, ‘ -

Ge 2raahss.

Oongestion of blood vesselis, dilation of lymphaties, oedema of
mugwsa, Frothy serous fluid, somotimes bloody. Comstriction by intra=~
flexion of the postoriar seguent whore tha eartilage ring is interrupted, -

de Bronohi,
(1)  large and mdiwm sized,

Epithelisl lining intaot; lumina filled with migo~purulent
exrudate; inarease in goblet cells, ;

{2) @=aai,

dppear constricted; dssqumetion of eillated epithelium;
2 layer of newly formed flattemsd ¢allis; fliled with dosquamatgd epithalial
calls or occasiomlly with orgenizing maggs or newly formed vascular gon=
nective tissuvey fidroblastie proliferation in the walls,

Ge ngs.

langs small, heavy, purple, airless, water cloggeds Ho
emphysegn, thin serous fluid,

(2] Denth in 24 hours,

Lzss volumtnows, noavy, ccdematous; conmestod wita blood,
exitrese wilatution o vensels; aliaruating 8ILAYS3A and atslgctusisg
frotiy serots flulx with darg blood from eut Swiaco; sometimes potockiayl
huemorrhice on surraecs; terminzl air coiis filied at end od 12-50 hors with
sero—~{1ibrinous ezudsta,

Simitar to firse day deuths; aorition of lun.:s greater; less

fluid, pulmonary osdams rescies masimys wi tiin firat 72 hours; and may
ultizately disaus ar,




e ——

(4) Dsath in 4 &ys,
Ho fluid dripping froam out surrace; beginning of broncho-
preumonis and of ten pleurisy; pneumonis may be &ssooiated With necrotizstion

of the wulls of ths bronchiocles, with abscess farmstion in the alveoll;
dostruotion of elestic tissue; a&lveolar cavbty filled with epithelial ¢ells,

erythrocytss and polymorphs,
(6) Doath af ter 10 days.
Sterils pneumonia,
{a} Plswa,
S1ight fibrous thickening; dilatation af lyuphatiose
(b) Pleural Gsvity, .

Some times oonsideratle plewral efrusion which may be
blood stained,

2, Blood ¥asoular Systom:
(a) Hoarts
{1) Cuanges following gnsaing.
First stage - dilatation
Second stage = shrinkage
Third staze =~ engoxrgoment
(2) Gross Pathology:

lef t ventriols gsolid,
Right vontricle - flabby end #ilated, muscle yollowish,

{2) wdcroscopic Iatiologys
Curdioe wallsy Some degensrntion of £idbres; ocscasionsl fat

aguoles; muigcle fibtres granwiw, atroniale in pleces, hypertrochic in othors:
09de:xn and oongestion; subendocsralsl nomorriages.

]




Perice.rdim: Yosgols dilated; lymphatiocs distondadg
slight £idrous thickening of pericardiuvd. )

(b} Blood: .

First Stege ~ Inoressed volwme, dus t0 influx of fluid from
the tissues, decrease in solids. : :

Beacud Stoge - Decre2sed volwe, due $0 passage of riuid
from the lungs; incressed in sollds and protatly incredss in visoosity;
dacreased exygen earrying oxpacitys thrombogis in lungs &nd some other
arganse

hird Stage = Return to normile.

{e) Spleens

Malpighian corpuscles p Somg atrophic, others hyperplastio,
pulp distsndsd with red bdlooa eolls, lymphooytes, £&t vacuoles mononnalesys
Hemogbderin in pulpg Bxoessive normoblasts in gsplesnic simisesy souwe
increaa: in £ibroblasts; capsule norsal.

3 Alimcn tary Traets
{a) Salivary Glends.

larpe, olear muocous colls with mwalous displzaced $0 side;
£1l1led with amorphous, shiny, muoigencus subs tiuoes )

{v) desophagﬂso
Swporficial layers « mucous exfolisted into wids lamplls;
in the submcosa, oedema &nd imbibition causing deteciment from musols;
dirfuse hyperomia,. '
(¢} Stowoh.
Sous ooderm and cono otion of NRACOSB.
{d) dmtestines.
Sars congestion of bloud Yessels.
(e) Livar.

Central atrophy and degenorction of socreting cellsg ;
vascular dilatation and cungposvion. © ns cells; rarsed




4. Axoretory Systems (Zidneys)
(a) Glomsrull:

Albumin presipitated in glomsrular cepsuleg desquaumtion of
epi thelial 1irning of Bowmans Capsuls; epilhelium somstimes granular and

m11m- :
(b} Subules:

Epi theliws swollen and gremular; parenchymatous 8nd fatty
dogensrationg occasional hyalins oasts,

(e} Interstitdal tissuess
Oadsmrtous,
6. Glands af intornal Beorstions
¢2) Aidrensl:
Normnle
(b} Tryreids
Earked variation in size of acini, colloid only in large celis.
Ge K:’;‘Bﬂ‘
Purulent conjunctivitis.
BIBLICGHACHY:
Eelte XiVIiII~ Roport #8
Bedse X = BEgoort #61
B-l&c m"?é
Pofle VIIIes = 387
HoeDaUe B
Phe 2, Adlss 48-05
Phe 134
Phe 17, Phe,21, Phe 40, Phe 46, Phe 50, Phe 75, Tie 9G.

Fe30-12, 2.50=38, Zs30-56, Z¢B85=k.
il 46, HeD.Ds BG4




G, POXLCIRY,
1. ¥ans
Odor 1s peroeptidle at 0,0044 mg./l. ~ ELED. 8; Ph. 4,

The lowest concentration dstested by mouth, throat eor lower
respiratary tragt: ‘

Oonoentration Time of exposure Sub Jaots Referaenoe
Balls : —Ml-———_.mam_____________i
0,013 Average 42 6/9 Bele I3e38
C.22 Not given Not given PoRe Y=220

Irritation of eyes, nose and throat at 0,044 ®e/le LH.D 8
Phe 1.

¥aximum concentration which eun be dreathad wi thout immediate
distress 0,035 mg./1, 43 observers osed = Fh, 1,

Irritation of 8yss = 90,0354 n3e/le = Phe 1

Intense irritation of eyes =~ 0,442 mg,/1s - Ph, 1,

Conjectural figress
Einirmm affective ooncantrations

Concgensration Ymo of Zxposures Reterence
MWQQ
221 N Ph, 1 '

0.88 5.0 Phe 1
0.02208 2,0 Eb., 8§

H Lothel Concentrations;
(&) For Dogss
Sariaery of Dato,

Cozgsoatration Tims Einutes Died/2xposaed Beference

4,415 T ¥ot glven Pn, 189
i'sz)a 3 " " Ph, 189

3 v o B L, XXIVegg
.15 7e5 4/16 e e 0o Do 101
0. 883 1z Kot given Phe 189
0.46 15 . " n B2, XX 1Vegs
O 29 30 &/8 BoMe XZZI1IeB7
0s 3104 36 0 23/29 B.X. Xi%~74
0.4416 20 Hot giyen Ph, 189
0,33 30 # 3 Beils aXIVesgsg

0414 1z pooy Bt XAIV-85
0,024 £33 34 . Bat, XXXII-5 -

“
‘- ¥ o




The following points were takem from a smooth
owrve gonstructed wpon the resulss obtained by the 4merisans and the
British on the lethal oonscentration ef phosgene for.dogs at various
times of exposuwre, The time timos comcentration ¥alue has also besn
caloulsted, ' .

Lathal Congentration Times of Bxpogure Time x Oonoentration
4,42 b 3 442
2. 86 4 4. 70
1,68 | 4,96
1.850 4 b.l08
1,08 5 5.88
0,62 10 6. 22
0. 45 16 6.9
0. 38 20 ?.566
0,29 50 8,70
0.1Y 80 10, 20
0s14 120 16,00 ¥
0,028 240 576 T

Conge Timo in ®4n, Died/Exposed Roferance
[ X
0.442 1 -5 Kot given Fhl
Qo 10 100% 2.7, II-a 187
0,081 30 10094 BelHo XXXII=57

0.163 60 - 100% Ph 77

{e) Por Rats;

Conge - Tixy in 8in, Pied/3xposad Reference
0.88 3 Hot giver GH XXII-Pt3
0.04 %0 100% B.ls XXX1I=57
0.163 60 1003 . Ph 77

0.02 240 1003% B.ie XXXII=B7




{d) Rabbitst

Ooncentretion Time in Min, Died/Bxposed Rafereroe
0.77 10 . Hot given Phe 1 '
0,22 60 " " : "

0,028 80 L ] " BoMe OXII-EY
0,01 200 . 100% "

(e) For Catss

Concentration Mms in Ein, P1od/Exposed Refarerce
& i
4,416 1 Kot given Phe 189 )
2o 208 8 " n Phe 189
0.883 b ” . Ph, 189
1.6 g ¢ b Co¥oMs YOleXXILypt. III
D.4418 0 " Ed Ph, 189
Oe 2208 % ® " Ph. 189
(819 :2:4 - # b4 Cola e ¥l XX1I,p ¢ Il
0022 60 ‘ " .-' EORDO -3
0,165 60 2/8. Phe 77

{£) For Gontss

Oongentration Timo in ilin, Dled/Rxposed Reference
—————— R TN ey |
4,416 1 ot given Fhe 189 ’
2,208 3 " " Ph., 189
2.2 s " " Coil oMovole XX1I ,pte 111
0,333 10 " " Phe 188
0.4418 o " . Ph, 189
0044 53 o 's' C-"ff- ‘1-1.701. IXII .p t. III

{g) Por Owln:a Pigss

Gonoaentration Tizo ia Hine Died/Bxposed afoToNco

4.416 0e5 Hot givan 2h. 189

2.233 1. " " Fr, 189

& 083 S " o Ph, 189

0. 88 S " g Covio ilev0le IX11 o2 t. 111
04416 & " " Phe 189

O, 2208 10 o " sh. 189

0.,0883 20 " " Phe 189

0,08 30 " A 0o v aWwOle XKLL gpSe 111
0.073 % . 2/2 . BoMs KKIT=57

0,0%1p 60 3 Pne 17

0.02 240 3/4 Bo Mo XXKII=57




(n) For Monwysi

Gonoontration Time 1n line Dled/sxposad Rof erenoe
- — e
24 208 1 Hot given - .  Ph. 189
0,883 -] n " Phe 189
Qo441 S i 7 Phe 189
0.44 5 . on 07 o Mo vole XXIT ¢p to I
0. 2208 ] 1 LN Ph, 189
0.00683 20 4 9 Phe 189
008 50 CE G0 % Ma Y0l XXIT ,p to LI
0. 041 240 - &2 Bo¥, IXXIIPG7 .

The faregoing tables have beon complled from & nuzber
of sowrcos and figures from differont references are not comparadble. The
following notes applyt 0 the references given and may arford somo idps of

tholr valuge
Ph, 1893 No inforamation is given on naturs of tasts,

It 13 nrot dnown whother eny attempt was muds to datermine socurately
a lethal concontrations e resort was given for the purpose of bringing
out brosd distinctionms botween srimels. The timo of doath is not indicatads

Ph. 771 To time of doath was loss than 26 howr's.
Tese are experimontsl data.  Rwreo concentraticns were used, $00 widely
yariaht to estadlish a let:2l concentration.

Belle XXIV:=~8614 Ths lethal consertration wos taken &g
thet concontration which killed 70-807 of the enimals within ten days.
™ gource of the data and mothod of mucing the tosis ware ot givene

Delle SLi11-5%78 Tose oro exparimental datue The time
of doci: wos less vian 43 hows and the tosis were mods In o continuons
comeantration boins dotermined by 2nilysEle

flox chiather, ta2

Zesw ViieZ)s T Dirore given by -smololloang onoom
was docided won by tusn afta ewserimonts o2 25 dogse Wu0 ©agd wors used
at euch congsntrution. Ko Gazilis of b wOrZ oro givite

Co wlie Zdlwport IIIt Tix datk ars tolen froz an
an;lish rejort &rnd concentrations arc given ss t.03e wideh were “recuirsd
to 11 at too given tirce. .

AT ST by - time of G22th was 1235 thsn 48 hours.
Mizgs ars ecperinontsl dntze  Concontrutions were obtzined by acrztion and
detorcnsd by chsiicul enilysisg

PPN 3 Tip o aoures oF (2 data given is noY% o

- 1] -




[ S5t

‘ “The following symptors wors observed during field tests,
and ons laboratory test which i3 noteds Tmo syupioms may be roughly
divided into growps, according as they are exhibiied at 8xzoswres which
caused daath, (1) awring exposwre, (2} after exposure but befare eight
howa, (3} after eight hours but before fitteen days, end (4) those
fran which ths dogs recoverad. In the field tosts dofinite soncentra~
$ions were not known and exposures lasted thirty minutes, In the
laboratory test expoaures were for thirty minutos, concontrations between
0.6 and 1.2 mz./ls causizg death before elzht howrs and conoentrations
botweon 0015 and 0.6 mge/l. causing doaths after eight hours.

1. Dogs dying duwring Bxposures PoT VIII-A 385 - 4 388,

Sympotoms at concentrations causing death during ex;oswres
Throe out of sevou dogs ex1ibited marimnd ceyano3is in addition to the
spnotams givon in (3),

L Dogs dyirg bafore 8 hourss 2,7, VIiI=s 836 = A3389,
B. Y Vi1-50 (Luborgtary Experimant)
D% XWVIII=90-8 (LM XIZm75)
3. e XIVe83=b

Symptoms 2t conmsentrations camsins death bafore 8 hourss
Fiftzen dogs in field tests showed rapid and shallow res:iration, gasiine
md couwghing, salivation, nasel Gischarge, lachrymation, dagression,
tracheal rattles, irresular heart actlom.

Six dozs in labaratory tost at corncantrationa botwoon Cl8
and 1.2 e /le Tor tdrdy minstes exhibited slirnt lagir;mtion, we
cisinecg, eclizudnd purilc, Ko viclant s;mtons wors obseryad ext voudtin:

- o A
LS DL De

N
L]

Do3s GAng betrocn ¢ howrs ami 13 Quys: 2,7, TIII-AZ35
Zedie Y4ieG) {liporotory Sxseriment
Seile #AVIII~90=3 (Bei. Xil=75)

Syptoms at concentrations caasing death aftar € wowrs arad
boloro 12 dayss  Twenty Go3s in Tiold tests showed dapression, dyspnoon,
sclivation, ocular inZlammntion, cowshin, rato A2y, rapls and shallow
breatilng, conjunetivi tis, vomiting,




HEinetsen dogs in & laboratory gast at concentrations from
CelS %0 046 ng./1ls for thirty minntes showed lachrymation and restlsssnoss,
Rne of these died.

4. Dogs which recovereds P.7, ViIlea 386 = A8 « A 389.
BeMe XXV11I-90=8 (B.H. XXIX~75)

Symytoms at ¢ noentrstions from whioh dogs recovered ere
glivons Fourteen dogs classtfisd as light ossuslties showed slight
lachrymation, zlight nasal disaharge, modarate deprezsion, cowghirg,
difficult breathing,

Tires dogs olassified as sovers casualtios showed marisd
Gopression, mugoular wosknesa, ooular inflemmation, nasal digeharge,
couzhing, shallow end laborod respiration,

B, BTIQLOGYs

Beifs XiVIII~00=8 (BeMe XXIXe=75)
Pb &, “, ‘6. 1940

L Lungss

Tho lungs contain sarous mntsorial which tazes either 2
homogonsous or gramulsr pink stein. Gedsmo s present especially in
stb=ploursl alveolis In gnimalg sucomabing in 12-22 days the alveoll
ére small witl high ocubiecal epithelial cells end large mononuolasyr
leucooytes. 4tolectasis end emphysenma sre found. Iz the case of
dogs dying after 10 days, pnsumonia is the direet cause,

Lo Larts

Dilatation of the right ventricle iz found and occasion-
ally ol the left vamtricle and swricle but usully tho Laoft hoart i3 £ir:
‘i miscle is usually pule, occasional vagotbutive crowth occwrs on tie
pitral vaivo and swonsst the chardee tendiness, {hg blood vassels
ars wuzlly woll injected; thors 1s am oceiziamal haorriase wnder tis
cuiocor ity

dilatation of veRsEesoapiianti SAMOVE pisdetrsingLen §3puasrissratac,y
a@roshy or hypertirosky of muscle or presenco o2 £at vacuolose

Ze Sploens

Do sploen 1s glipitly exlarreds Tha pdp Is distendod
with red btlood cells aad homosiderin i3 im tae pulp.

=15 =

=
|




4. Allmoatery Trasts
Oooasionally there 45 & congostion of tho mucosae
5. Li\':ﬁ':

Darx brovn patohes aro found around the hepatio vein
wileh 1o elnays engorged; the portal vein is gome timos engorgeds
Yery rarsly necwosis or inflammstary rezction ia found,

6. Poritopeal Cavitys
No excoss f1luid but engorgement of Vessels 13 found,
7. Excretory System

The kidney has g dsrk oortex. " In animels succumbing
in 3 to 6 days, cloudy sWelling, congoestion of flomruly, and fatty
dogsnarztion are founds,

Phoszare et a concontration of 1.48 mz./l, was bubdled
trowh defitrinstad doss blood for five minutoss A definity darikpne
inz of the blood was produced in turea mimutes and at the end af five
tinutos thers was almost gumalets zgolutination of tas red blood oells
with definits hoemolysis, IHaemolysis was compliete in 15 mirmtos et
room temporaturas T lower concentrutions reguire longsr exposures
to obteln ths above res.lts, ‘

Thi following st2res 1in pulmonar; ocedema are observed:

(1) "Incrossed volum dws to inTlux of fluid, probdably
froa tiscues, rosulting in a doarsase o i blood solidsg (2) reduced
blsod volwio, due to passago of fludid fro: blaod to lungn, increass in
blesd sclids, dovelopmont of pulmonsry o:demn.  (Thsse Yarious stages
arc inlicativo of time and doireo of pwlaonry cumgop (%) peried o
roadjus toul ~ return to normole ,

1. langss

The water oontant increases progRessively in tiw lungs,
Ther: is no motlceable charge in the water content of thng muscle, which

indicztos tint smscie tlesue does mot give w water to the blood dwring
tho luny osdcidue

2o Zyasi
~% bigh econsentrations {1 %0 5 mge/le) for 1 hour intonss
coums o cornza is intact.

eonjwnetivitis and lacioymotion 002 se
- Ji owm




Se Bloods

fhe arterisl blood prassure shows e slizht rise about £
houra efter gassinge It then drops to its previous level sud is maintainod
at tils point up to the period of clinioal signs of lung involvemont. ’
At this stome thorc is G secmd rise which terminstos in & fall immediately
bofors tho death of tho animel, Tho vonous blood préssure shows 1ittle
variation wntil Just befors dsath whon there is & glight rise,

The bdlood volwmo is wmchangod wmtil pulmonzry sym . tong
gppears At thig timo there s o doclded docrecses T red blood
ooll count inocreemes with the voluas daoroase.

Thoro is first o decreass in the congantration of the
Bl 304 acsompanied by @ docrease in ths chloride and oxygen contante
Aft%or this Initial doaraase thore 1z 2 great increass axring wilch the
cilurids and xygen content retwrn to normal,

The coagulation timo wus 8 to 10 minutes fouwr howrs aftsr
the gassing,. The normal time 1z ususlly & to 5 minutes. No ochange
haos boen observed in the alknline reserve., 5o dearesse in fibrinogen
13 establiahods

4, Qedematous Pluidy

Camarizon with Plasmas To transudets resembles plasmm
vory wuch and 1ymph stiil mores It containg tho furdsme:stal elements,
Its peroentago of water coagulable elbudn, froczing point, slkalinity,
percentase of chlorides, phoschates and cholestering spprodeh thuznt of
bloode T:e nope~protein ni trogen, wres, amaonia and glucose are high:r
than in thecplasmae  Th: phosphorus and carborate contert is groater
thian in tio tloots

AlLar tin iabmiztion of phosseno taere 1t o functionsd
wishwrioxes dn fic seeretion of wrinc es sacim by the fall ol tix
moximon concentration of wrens fhis drop is considrrztle in the
fatol oosese Tie urca excration is constontly lower of tsr soverg
cases o sicsing widelr saoms that the caiccity £or excrotion hos bson
decrenselds $ho ¢idcridp exoretion roscins unchansed, the amsonis
excretion ic probavly distwrbode Ik faotol cases thers is always an
incresse 1n amwnis and totzl nitrogens  T:is &5 rpot the ezsa eftor
less sovoro gassing. Thore 15 a» exzasgerated elimination of phos=

paats
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Raferoncess

B., XX1I=76

B, XXIII-138

LPh, 2B-29, ' :

& - 50-12, 80-56. w-39, 52"11 & m‘ Co

(1) rh, %,
SEmary of experimonts om olronis phosgone poisoning.

Griticisms Unly fow' concertrations walch wera accurcztaly
known were abstrastec fran this reporte Thore
¥ereg not enonzh dogs used at any om oon«-
cantratian ar at ome time of exzosure to
wvarrant dsfinlte corclusions, HedeK e

(2) 2he 189,
The timss of exposurs nggessary 10 nroduce uwltimste

death are given &sg

"

Conecontraticn Pimg @ Exoosime
o mlonkas
€e410 1
Ze 5 S
00 g2z 1z
04441 X

hotss Those results aroe yvivae, slony with lethsl cop-
csntraticng on ounar sniscis, anly %0 iz out ocertain brozd dig=-
tinetions bouwoon dirrersst arimals. 9oy are not final,

(3} Coioly ZXXwl. % IIZ,

Congontration roguired to k111 at stctea tizo,

-1 -




Concentration Nme

Xinutesg
2. ' : ]
0. 88 L 15
0.44 ' . L%

Criticlams fhis is an extract from tm originel data
and 1ts precise meaning is not ¢loare ML AK.

(4)  Groesbeck and .G, Vithorspoon,
Eu\.C-D. 4-‘-010

" The lethal conaentrstions ¢f prosgems for dogs for %
minutes exposwre, :

Cong, Doaths in  Deathe Dea ths fotal Total
e /1. # hours detwsen - batwaon Deaths Percent
24-48 nrs, 2~10 days Deaths in

S R e — M’
152211 Yz 1z 50
1o38-1443 3/4 /4 4/4 100
Le27=14 36 2/5 1/5 s 4/5 80
1o18=1,23 a/s /6 Y/ &6 83
2,06=1,15 4/ 4/6 67
0498-1,05 /e ' Y2 60

e lethzl concentrution of .hosgens for a ¥: minute
€Xp03:re on dogs 43 pluced at 1ol a../le or 275 poge

Griticlems  Mis wors was dons corefwlly and saould be
g 83 pecurate &8s sny data avsilsable, Hois oL

(5)  M3ller and 8ross.
Ea e RS | .'.-57.
Zinitmm lethel conoentrztisn of paoszone for dogs.

Gxsosures & mivutes.

-1l7 -




Concentration Died/Exposed Pime of Death
e 3
0.44 T g2 4 12,28
0 0.3 2z lost, 24
0 5 2/2 10, M4
0.29 6/8 S 5, 9, 13, &1, 22, 288
0.28 8/4 : 19, 29, 32
0,19 o/2
0,18 32 15
0.17 1/8 12
Bxposures 4 howrs,
Oonosntration D1ed/Rxposed Timg 48 dosth
«054 4/4 ‘ 6, 6, 8, 27
003 . 3/4 ' 9, 82, 108
«024 &4 5, 43, 120
«019 2/4 66, 214
016 0/4

«208 o/5

Tho lothal concontrutian 1s taxen as 0e29 Bge/ls for
tairty mimites exposure snd 0,024 mg./l. for four howrs exposure,

{6) Po:e Undarhniii,
Belle ZIZwT4,

’i‘oxicity of 2hosgene on Dozs.

: o of Bxposures 30 mimutes. Conosntration deterzined
by chadeal analysia,

Concuntration Yo. of # Acute Yezths % Delayed 5 Totcl
2o L1, dass - l—,_,"& géx"'g mn;‘:ig -
0e40=0,45 &9 62 3 65
D¢ 36~0,40 kA 67 13 80
06 31~0, 36 29 69 10 7S
Q¢ 27=0, 31 0 42 iz 54

=15 =




(7} Marshall and Henson,
BoX, VII=B0,

Toxiocity of Phoesene on dogs,

Ooncentration
1.11
1.10
1.00
0.84
0 76
0.64
055
0.51 6 - 1.5
0e47 6 - 18
00“ A = 86
Oe44 b-o)
0.40 Suwrvived
0,35 Swvived
0.35 Swvived
04 31 24
0o %1 Swviveg
Oe 27 6 - 156
0a23 Swvived
022 - 35
Ge 22 p: -3
0. 19 Survived
Oo 15 Bft -~ $
Q.12 Swrvived
0ol Survived
O¢ll Swryived

Cne dog was wsed 1n esch teste  0e35 moe/l. was tuicen
a3 o lstizl concoutration for ex205ure o & mnutec.

Tiree 4035 gosSed &t D% Cul O.d m o/le survivede It
sc2iw t.2% 044 mze/ls would be & mors rossan-ble Tigws than 06 e /1.
far tio letizl concantration.

(3, Yarshall,
BJlla I=29,

The fizures given in this rerort of prelimdnary wor:
S given in 2,2L VII=HD,

B
&

gre included in




(9) »Ph. 1. 5
00 276 mge/1e for minutes exposwe is fatal in 48 hours.

(10) Marsnll,
~  BoM, XXIV=86.

- Bweliminary report on the relation botween lothal eonw
centration and timo of exgposura. ’

Concantration Time of Exposure
. Einn
1.6 8
0.46 15
033 - 50 .
0.14 120

Oriticisms Tio source of these figwes iz not indcated.
fhe lethal concentrations are those which ktll
ebout 80 o2 the dqgs in ten days. K i.K.




EA &m*gt‘}‘c 7 n‘ 2 g Q‘EI‘

There 1s very littie to be found on the symptomstology
of mice. Dyopuoes is & camon manitestation.

() #4,Pn I.
. Phe 40,

() Oross Findingses

On sutopsy, mice show accentuated riger mortis,
indicating laok of oxygen in the bloods  The bucool, pharyngeal and
laryngotracheal mucous membrancs are hyseracwlce Bubenithéel bemorrhage is

£ ounde

The lunzs and bronchi have & varisgated aspact, lerga doop
rod greas alternatisg with normal,  Shey present a bloody swrface,
Lyperse=ic on section, &nd Vessels ologgod with bloods Ths rmoosa
of tha larpe Yronchi is detodhods

In tie trachog tus mucosa is hyperaerdic, less intonse,
howevar, than in toe larynz; thers is constrisction by intraflexion of tiw
posterior segmont whers s cartilags ring 4s intorrupteds

{(b) 1Microscppic Findingst
@e moco pharyngeal nmooés. ig modratsly hypersemics

In the salivary end subusxillary flands, thcre are
liroo, clasr micous colls with miclel displacsed to the side o tue cells;
tis clonas are £illed with amorphous s'iny zracllazenous Substonoce

ot e

I tho oesPprhnus, suyerficisl layersg of macosa
trrom into wide lamellee; tho subzxicosa io 00dom1tOuUSe Inribition
¢.uoing detachoont of muscle iz fouad, Tymes §8 aif:ruse hyporconile

In tho laryex tzo mucosa i3 rocrosed, exfolliated amd
rupturods Mere is & trus necrotic indlamictions fragmentetion of
migele 1 similer to dipatheria . Fibers are fractured transversely
1z irregular fragments Wit onds split or Juxszede Too post crisoarytonold
gnd Lle transvorse er;tonoid muscles ars especlully af’poted probably froa

savvizive ¢ouinT and closin of the larynXe

;'A‘.‘ cU‘Lf M.;.-'i
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(1) KPn, 12,

Mos sxposed for farty mnutes to e consentration

Of 0,4416 rge/l, show o large gquentity of ges (sbove 1%) absorbed into
the Ploeds 4 loarge quantlty would permansntly destroy the eQlering -
matter af the blood, but this 12 mot ths case after gassing with
phossers, "

2 Qi1 0LTY
(1) »2n L
Cortain gesses and vapars and thédr phyaiological
effectas :
Oonoentration Timg of Exposure Berect
S S o '
0,442 -5 p Fatal in 24 howrs
0,088 15 : Id 11ttle or mno effect
0.055 15 - ¥as not fatal, but
¢oedand was produged,
0,044 6 ¥ey Ps fatal in 6 hrag
oade:nn and conzestion
0,022 & - ¥ay be ratal {n 43 hrs,
Criticisms Mo dofinits docisions are roachode I 4.K,
(a) Miller ana Gross,
B, XXX1I=-57.
Taxicity of phoasens on smoll ardmnla,
Txe o2 exposures 20 minuias,
Concentration Disa/ixposca Tia20 of wista in howrs
e
Oe2l 5/5 18, 16, 16, 24, 35
O 19 5/5 15, 16, 2%, 24, 24
0. 15 E/5 16, 16, 16, 40, 64
0el25 5/5 24, 48, 43, 72, 120
Col2 o/5
0.035 4/5 4s, 48, 43, 96
0,031 5/5 44, 40, 127, 196, 215
0e 077 2/5 44
0.073 4/5 3, 43, 43, 72
0.043 R, 238
0.040 y/g '
00034 1/5 Y6, 264, 203
0022 $ Tey 300




The lsthal oconcenmtration for tirty ainutes expogure vag |
tekon &3 0.073 mg./1,

Geitiolsm: o individual $igag €iven in the thirg Golumn
40 not checr wi bl tie dxta 8iven in ths soooua
colum at 0,034 %o/lo and at 00‘5.%0/1. Bl

Bxposwres & Hourg,

Oancsutration Disd/Exposed fns of deatr in howry _
0,029 6/8 18, 18, 18, a4, ¢

0,020 5/5 18, 18, 72, 72, 72
0,020 8/8 18, 18, 13, 15, 15
0,010 5/8 18, 18, 18, w0, Z15
04008 B/5 45, 48, 48, 192, 192

T minism lethal eoncontration was taican a8 0,008 0. f1,
for ¢ novrs exposure,

Citicism: Torx 8hould have besn done at concéntrations
D3low 0,008 m3 /1, to s tablish tnis point
83 the lethal oconcentration, Hix,

(3) pn. 97,
Lothal Concontration if 2hogrenge
Exposwres 1 hour
Doots in o howrs,

Conecengration Dled/Zxr0524
3
Os 4382 53
06255 &/
0,021 ]

Criticisng Data zra inswfficiart to 08 tablish tys lethnl
goxcantrations Hesede

(¢) Kum end Cokrnm,

2els 1, &=1257,

letizl ﬂoncentr:cti;n £or mics at texn Zinutes CXI051X'0,




Congentration Died/Zxposed fotal peroent
AR 481X 8 Sod.
2.6 &3 100
1.6 5/3 200
1.0 &5 100
08 3/s 100
0.7 8/s 100
XY 3/3 00
036 /s 53
0.3 o/s 00
0.2 /8 =
013 o/s 00 .

0ud mz./1e 15 tuken s tho lothal oaneont:ation of phos@snn

for ¥hite mine nt tsn minutas axXposUrsd.




WS TR My

Fhe 58

S1ight wnoasiness, salivation, lacrymation, occasional
gasping, dyspnoos, retehing, clonic convulsions of hind logs end sudden

collapse.
e PATHOLOGY;

Phe 58, 77
ED.De 45,

The lungs are ususlly sirunken, firm and of an elestic
oconsistsncye The wpper lobes and sloping portions of ths middle and
lower lobes are usually dark brown=red in color with subploural and
mrginal interstitial emphysema. The pleural cavity end pericardiun
my contain free sorum,.

24 1CITY;

{1) Pr. 189,
o times of exsosure mocsssary to producs ultimote
death, ares
Comoontration , Pims of Bxposurs
z wdlulizg

4.426 /2
2.208 2
0.883 ]
0.442 5
0.221 i)
0.088 25

This 1s prediminay worz,




The B8. {Taxen froa Ztacher, zxp, ¥athe Therap, 94103, - z5),

Cono:ntration Time of Expogurg
A 3 23
22408 15 Doath gn ¢ howrs 20 zinntes
8482 4 " 1 "
2o 21 b . "5 & n 4
1.09 &0 Racovmd - -
1,09 8 Died over night
0,64 15 Bﬁcover“

Critioigm, Only one rat wag Wed 1n sach togt, Bensong

(3) coma, xxrya Part 111,

Cancertratign nocessary ¢ k{11,

Concentration g of “xpogure
A2 s
0.88 3
0,08 D

Rat exs0sed to 4 concentration of g, py m fle for 2
minutgg swvived 5 hourg,

Criticismy s i3 probvarly an abswract from o, Barororgty
Tecortd given in fuil in 2p, 18y, HeiaZ,

(€} 14317 and Grose,

Bolls Hilllies 7e

Letini eoncentrutions fox L3 vith exposurs of 33 mautes,




R o
Concentrazion Died/Exposed Pine of doath
iie/1le in

0. 21 : gfe 16, 16

0.18 2/2 = 16, 18

0,15 2/2 s 15, 24

G125 g/ 20, 20

0. 120 /2 16, 16

0.086 8/4 18, 18, 18

0,081 2/z 15, 18

0,077 12 18

0,075 e/2 48, 48

0. 043 1/2 48

0,040 2/2 18, 18

0.0 o/2

0,032 o/z

0,025 1/s : 96

Critioism: This repoft 18 very goode TPho lothsl ooncen=
tration for 20 minutee srposwre my be placed at 0,04 /1, N, teXo

Exyoswres  Fowr nowrs, .

Goncontrztion Died/3x;05ed Tmo of death
0.029 2/z2
0.020 4/4
0,020 2/2
0,010 o/2
0,008 o/4

Oritieismy & concontration should hove boon estublisied
betwoon Ge01 and 0402 mze/le K, .. e

(5) 2n 77

detnal core:ntration of phosgere on rays ¢
¥ambor of deatss in 24 howrs £ one MOW ef:03uTe.

Concentration Lice/=xp0sed
04153 25//2'.;9
0,091




Griticisms

The worx 18 too limited to be of much valuve,

Tho loweat ocondentration for one howr exposwre
is twise the M mimite figure reported by ,
ite ¥iller in B.Y¥, XIXI1-57, HoieKo i




here 1s very 1ittle iltm‘atu;-e’on the symitoms produced
When robbits are exposed to phosgone.  The only syuptors noted were
laghrymation and conjmnotivi tig,

B pmquoay

The pathology of rabbits ayine: from phosgone poisoning
is prantically the sama as that of mioo and that section should bg oonsul te

ed for this duta,

Co 2 XL R G Y3

Ze 53-2‘ . :. 50‘4‘}.

Thers 1s an esrly rise in the nuzber of red blood oolls
&d the amount of haemoglobin per cublc cecutimeter of blood witiin & few
hows af tor exposurg. ibis i3 due to oconcentration of die blood~oligemia
¥hich persists one to two days, The second 8tige, Becaudary rise, trpe
polycytienla may pursist ANY WIBIZGe ,

Inhalation or phosgemn czuases s quick fall in puUlmonary
vontilation and 2 rotelle dizinution in the oxygen oonsumotion and ecarbon
dioxide productions Tals pheanomanon lagts only with the duration of
ichalation. TPhore 43 & quick rall Just bsfors degth. If tha inhalation
iz mot fatal, the ventilztion retwrns to itg originsl levole The above
picnomsnon 1z of reflsx naturs but not influonced by ,unsral anasstiosia,
it is caused by ths pa3sage or gas into the up.er respiratory passige along
axd the intsnsity 13 eqi2l to tiet when inhaled in the 1mg3 &1s0e

To2 foilywing of tao ifrritang g23 into thw daepn regiiratory
£a858ieg, Without pasains Laroaga tue uiser ressirst T D0S8aT aues not
cause dixdnution of vriillation. It i3 exlo aa tae LWLy, L0 couse
S tition Or tiz ventilstion, C.is eycntation is o o reolflex

an gwman.
n:tuwre amt is not meessarily acsoxronied by en eazamtation o tie BXCILNTH G,

pari sd o tias antimortsm foll of vantilation
relioxes but correlative with tiiz es~-

el ¢4
{4




) g
(1) Phe 1.
C-noentrution Ymay of Exgosm‘a Rogults
'.Y,:. !} by @ ’
Ue 770 10 Deaty in 4 howrs
06620 20 Usmaily foatal
Deid 2 = Yot fatal
Ve k¥ 15 " L “
00221 o) L
0,176 X Ganerelly not fatal
Writicisms Dno lethsl conJdeatrations given by the &ritish
in Ple 1 aad Du. 167 mre constdsrably highar
than those obttained in thg U,5. Hsels
(2) Barczort.
rhe 189,
Corcontration Bzposwre in minutes to . oduce ultimate degthe
4,416 7 =10
24 208 7~ 10
0,833 0 - 15
O0ed42 0
Oriticisms Zeport is not s.ccirfic ency e Hogils
(3) Covelle A2 = le Ille
Cereontrrtion Time recuired to kil
De &S 15
(S P-¥-3 30

Criticism: Dote are from Zs;lish resorts and ere ine
swiiciont £ ruliadls goneiusicns. Leivale

(4) InC.ie 4.

20 rabiite wors exiosed for ¥ mimitas to e edncentration
Of Uald7Z x5efle vme dhod in 7 Zows, €z olice in § hovrs,

- 3 =




Uritioism: HNo minimum lethsl concen tration
was e3tablished. H.4.XK, These figures were
only incidental to the sin fenture of the
roport, 1.0. c&us2 of acute clegasmia and
true polycytheemis. ::Gw¥.

(3) MKiller and Sross,
Bogo LEKII-S']

Hothod =« Uontinu:us flow.

Consentration determined by chemical
analysis.

Exposure ~ 30 riinutes.

Gongentration : Died/xxposed :Time of denth

in hours

0.21 : e/e : 16, 16
0.19 s 1/2 : 192

0.15 : 2/e : 48, =7
0.123 : 2/2 : 120, 240
0.120 : 2/2 : 96, 120
0.086 : 2/4 : 192, 120
0.081 : 2/2 : 96, 96
0.077 ; 2/2 : 72, 144
0.073 : 2/2 : 120, 48
0,043 : 1/2 : 144
0.040 : 2/2 : 148, 19z
0.034 ; 2/2 : 96, 216
. 0,032 : 2/e : 72, 120
0.025 H 4/4 ¢ 120,168,96,96

0.025 mr/1. takes a3 miniruwr lethsl concentrnt fcn
for 2 30 minute exposure.

Uriticism: . conzentretiocn below 0.025 mg/1

8hould havso teen esicoh’ishad eré
teated,. HeieXe

- 31 -

R




Expogure; 4}36ura

Concentration : Uied/exposed :Ti e o death
3 S : in hours
0.029 : 2/2 : 120, 120
0.020 : 3/4 T 144,24,120
0.020 : 1/2 TR
0.010 : 2/2 : T2, 120
0.008 : 1/4 : 168

0.010 mg/1. taken es minimum letha] congentretion
for a 4 hour exposure. f

vriticiem: This is & camnplste acourata report.
HoA.KQ

(6) Ho.{l"‘}. 3.
Yh, 66

0.0736 ug/l, expesure for 1 hour cemses death
within 24 hours,

Uritioism: Thig figure is thren times thst
estzblished by ¥iller for 320 minutes
exposure, H.4.X.

(7) r, 77

£xposars 1 hour, asath in 24 hours.

goncentretion : Lied/ xxoosed

g/l :

0.433 : 3/3"
0.1635 : 0/3
0.0918 : 0/3

-32-
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T™he only symptoms noteq gy the avallabie literaturs are
crndeis, Aayspnosa ang retahings,

h__mmagq

¥, 0, 53, 77,

There 14 Vory little available 11 teratuwre on the pathoe
logy of cats Polsoned by Phosgens, Thare bave been foung pulmonary

L REXTOLOGY,

&DoDc 58,
Experiments on wing,

The 80141ty of uring from cats gessad at 3 Sonoentration
O from 0,05 = 3,7 ®2./le resghes g Baximm on the ¢ty day aftep gassing,
The return to norzal is slow,

e cosfricient of Robin fa11s wti; the ¢th @y, arter L
¥aich thers §g o slow and regular rise %0 normai,

Phosgens pives a 2U8tinotly difrerent OTVe for actdity ]
of urine thap ehlorins ar hydroeysnio acld, with Which it wag Scmparad ’
This suggoests & possible mothog of diagmosis,

IASR v

(1) Barerofy,
Ph, 189,

Soncontration mutes 19 producs

223 LH

Cri tictam, s coustant relation betwoon tinmg ang concon=

tration feg tho first four Sncontrationg ie
Very remarable, HoiL

o 2l -




Conoentration

0. 30
Oe 221
0.110
0. 088
0.,07¢

1z hours,

(2} Pn, 1.

i_epowt Won eertain gasgs and tueir Physioliogical effects,

Exposme Bogult

10 Fatal in 18 hours

20 Urunlly fatal tn 6 hours
20 ¥ay be fatel in 12 hows
20 Hot fata)

b o) Hot fatal

Critiocism: Date are inenfficiant to enable drawing of
conslusiong. H. oK,

(3) @7t XXII part 111,
Ooncentratioens roquired to xill at stated time,
Wonsentration Ame

~dnkg
L6 6
0. B2 4]
Criticismy is 13 not originsl data, BExzat meanin: is
1ot alear, BeSe M,
(4) wo.D. &

Cafr exposed 1 howr to toncentration of 0,210 dled within

() »Pn, 77,

Expogure ~ 1 hour \
Deztha in 24 hourg.

Concantration Deatns
0¢ 433 &3
Ou164 2/
0,092 1/3

- &5 -

B e ——




{6) J.H2.2, 86,

3 inch eh 11 coziaini:g 60 oc, "hosgaene ex-
ploded in oharber of 254 c¢ub, m, espacity.

Theoretical concentration - 3.s5 ng/1.
Three cats:

#1 on floer giea 2} houwrs,

2 1 ne fron floox " § "

#3 2m, » u ¥ 6§ m

~ 36=




Ao TN 0LUR Y .
P,% VIII' A 585- e

Iachrymatl oy dopression, nasal disoharge and retoking
werc noticed during & field tast, from which tha gosts reaovored,

R PATHOLOGYs

Shis s covered in a genersal way in the chspters on the
pathology of dogs, ¢ats and other laboratary animals,

Lo R EOLOOY:
| Ph, 7,

The dagree of oxygeration of venous and srterial bl sod
in goats gassed with phosgene &5 showm in thres atsges; arterial and
venous blood normally oxygenated¢ ertarial Ylood nemally oxygenated,
venous blood defiocient in oxygang both arterial snd vemous blood defie
elent in oxygen,

The onset of poizoning appears net 25 dsficfent CXygenae
tion af dblocd in lurgs but as inaressed rednotion of blood in capillsrdeas.

There {2 evidente of obstruotion to eircviation in the

lungse
Q, N4
(1) pr 3,
Congentrztion E‘:pos w's Rosults
. e ——= m‘ - e ST UTI L e S

Ce 22 & Hinimom £ata) eomeantrotion
1,00 S Hot fasal
Ce 77 10 Fatel in 24 hours

0,38 i0 Het fot21

- 8%




PANE - e

(2) Zarorart.

Pr. 189 »

Ooncentration Expospre to produce wltimate desth

40415 1

2,208 ]

0.883 10

0,442 ®

(5} O.n¥, XXII = part III,
Cohcantravion Siwu ceguired 3o kill in stated time
'*Iinﬂlﬂl__:gl_ !
2.2 3
Oedd 50

Ocitioismy B0t ariginak datae Rzagt meenin: not clear,
: E,E.)e




The (A) symptomatology, (B) pathology and (C) physiology
sootions ars omitted hore and on monkeys becaugse of scaroity of data,

Do _TONIOITYg
(1) Barcroft.
. - Phs 189,
Concentrastion Boposure in minutas to [roduge witimate desth
A/ln — |3
4,415 (9.1
8208 L
0.883 S
04416 4
0, 2208 104
0.0888 De

Criticism: The four minute and twenty minute concentraticas
: ara epparently low. B &Ko

{2} G WMo XXII = part LI,

Conoantration Roguired to kxill at stated time
0.88 S
0008 a}

A puinea pig expmsed to & concentration of Q.27 mnge/1e
survived fowr hows and tuirty mimses.

“@riticisms  Loes not stote whare fizgwres wore obtiinods
Moaning is not vary clezr. Hee Ko

- 83 - i




(8) Millier sna Gross,
B I, XXX11-8%,

lathod = oontinuous flow,
Comoentration deterzined by ehemical analysis.
Bxposwre = 30 minutes.

- Qonoentration D1ed/ 2xposed fime of Seath in hows
w
0. 21 g/2 16,-18 '
0.19 2/2 16, ~18
0,15 2/ 16,~16
0,123 /2 é:
0s120 2/2 16,~16
0.088 /s 18, 18,-13
0,081 2/2 18, ~72
0,077 2/2 6, =24
0073 2 18, -18
0,045 o/2 :
04040 o/2
0,034 0/2
0,032 o/2
0,025 0/4

0,073 mg. /1. 15 taxsn as minimm leths] oonoentration f.r a

X minuts exposurs,

Criticisms Mis ig a ocomplets repirt and epparently

aocwrate, HoA K,

Expoguret 4 howra,

Ooncontrution Diod/Bxposed Tfme of death 1n hours
é‘ RN e ] S % et
04029 2/2
0. 020 8/4
0,020 o/2
0,010 o/2
0,008 o/a

0.020 zg./1. 13 taxen es minimzs lothal condentration for

2 & hour exposura.

Griticiam: 7o be ebsolutoly conclusive,
8l0uld bs tested ajein,

002 Wgo/lc
HieX,




0. 2208 g, /1, exposure fqr B8 hour caused dsafn inm 12 hrg,
Critdotom T Britigh in Ph, 189 reported the samg

{58) Phe 77,
Kx;;oauro one hour, dsath in p4 hows,
Concentration D12d/3xposed
L4 . ‘M
00433 5/s
0.1638 &s
0,0918 3/s

Griticisms uneentratson below 0,09 mg,/1e shoulg have
boen tested to eatablish g finite mintomey

lothal concentrationm, B LK,




Ao TOXICITY o

(1) Bararort,
Ph, 1&g,
Gonsentratiocn Bxposwre in min, to produgs Wtinate death,
2,208 1
0,683 3
0,4418 3
0. 2208 é
0,0835 20
Oritieisms Sufficient 4atz 13 not given to estallish the
: lethal concentration for 3 mimtes, H.i.X,
(2) Bu7.M, XUT ~ oare 111
Gonosntrstion 1111 at stated time
/ - !
Oud4 8
0,08 &
Oriticisms Report does not stwte Viere figures were obe
taineds Thirty minuto figure is twioce that
(3) Miller ana @rogss,
Bulle XXXII=57,
v¢:04 - comtirnows flon
Cornsontration dstarmired by atemlcul anslysis,
Bzpesure = %0 minutss, N —
Congentrntion Died/Zxs0s0d %mo of death in howe
EM@%M’
0.061 44 10, =10, =10, =45
0, 08¢ 12, =18
0.041 2 10, =10
0,035 1/2 43,
0e 050 /2 18
0.017 0/2

0041 nge /1 taen as the minicum lethal concentration for
8 0 minute exjposwres :

Criticiams A conclusivo Tenorte Bes s
LY -

i
1




MOMA DL

AeZaP s 684

AeRe F. 48 = G.ao
Phe 17, 40, BS.
doB Mo Bk, 4 Hou Ty

Phosgens aota as 8 respiratery irritant, pemetratin: to the

terminal air cells of the lungs. The symptoms wiich arise sre t.ose
ghicfly due to want of oxygen dus to impaired functioning of the alr calls.
In eddition, there is lachrymation, salivation and nasel discharge. Aftar
ezposure, the sesll of tho gas romains subjectivoly for several hours.

The sym.toms noted wpon exposurs to low concentrations, are:
Irritation of the respiratory pessages, cowhing, dyspnoea, constric tion
of tho ghest and lachrymation. These aymptoms later deoragss and dis-
BOPOST .

Bxposure to high cancentrations usually produces rapid,
ahallow and labored breathing, bwrring poir in the chest, rtausea, retoain:
and vomitinge This is followed by headoche and ssphyxisl symptoms (respira=

tory paroxysms ending with gagring and frothy mucous from the mouth,

There may bs extrome redtlessness &nd arxioty o semi-coma and deliriwm.
T blood siows an {ncrease in hasmoglobin, dus to inareased concontration
of red corpuscles. ZX-rey exardnations shaows dilatation of the right
haart, Broncho-pnewmonia frequontly cocw's on the fourth & fifth day
doe t0 sacondary infeotioms Tais is accompanied by increased fover and
& purulent sputim, '

The goes hse & cwiows eamrsoteristic effect upon the tas Loy
ocusirng tro odor of tobscoo siosz to Lo vory unpleugant.

-

3 .
5 QIR B HE 5

-~

>

{:

bne o 7o comnon troes of s mptons are fraquently exi
in cises & phossene poisonlnge Yo predominant type is cuuracteristi
by an ashen pzllory the lips ers loaden colared; respiration 4s rapid
and shallow with indleations of intense ovierme «f the lugs; cowrhin:
is froquent; tis pulss 1s 1350-140 per cdnute, weak and runny; and
general colilapse £f0llows. In toe other type thers is distension of tus
superficial veina of the face, nock and cheste  The 128 &ud ton.uwe ars
blue; Itrezthins is decper ana more rapide Thoere may be s courh with
expzotorction of tain flwld; the pulse 13 137 per minute, full and with
good tonsions




Symptoms o prosgene poisoning seldom ecowr immedliately, and
dsath may siddenly ooowr &ftor sn interval during whick no sign &f injury
was otservede Yory ofton sn incapacity for sxertion exists which is one
of the most mxrkod effoets of the gase - ’

e gourse of the disszms is largely depondent woon ths
aotivity of the patient alter being gas3ods Exposures to high songentra~-
ticas followed by camplote xast and plenty of frosh eir have of ton led to
racovery Wheresas exposiwras to lovar econgentrations followod by exertion

heve of ton rosulted in dsath,

Donth wsually oocurs witnim the first tiree d2ys and may be
vary suddens Seocndary infootion may csuse death even affer & month ar

M3Te
2 Phe R1.

On gonersl linss tus s yap tanatology for phosgens is similar
to syeptomatology for cilorine, but tho memer of onset is diffarents After
an imitiel sansation of inicnse suffocation with gmstriction of taarax and
gsersation a8 though ths hoart had stopped, the man who has reathed phosgene
soparently recovers camplcotelye After 6 to R4 how's (usually 10=12)
the recovery seoms complete.  Then suddenly, on occasion of physical
effort or passing from Bost to cold, or slight digestive trouble, the
pstient 13 soiged by acute cedema of the lungs and dies gomg times in a
few minutes, In tho light oases which &ro in the majority, there i3
developrment of pRlmopary exphysama with sonsation of swffocation and
increaged srtorial tousion. Tese siox man neither cough nor spit
When death does not ocowr &t once tie prognosis ia gonerally good axd
recovery in 8 to 10 days wita about the same chsnoe of lats broucho
pulmoncry ocmplications &as with chlorine. %he sgme sstienia snd loss of

wolzht 00ourse -«

In stué;i.,, v pathoioglcenl espect of phostens poisoning
on men, it must ds rewoubersd L1t tie aats huvs been coilegted from
roports on batils onaucltias, and that there were prolably no cases of
puroly phossene poisoning aader battls conditions. Yrossene, in clowd
attaciks, was mixed with ehlcring, end the o gases 8r'3, to & large doyrec,
ainilor in notlons 3he principal efracts of pnosgene and chlorine appeay
4o be dia to their asphyxiant sciion, alorg witu local poisoriny and
corrogions




BPh. 17,

4n sutopsy was perfarmed on a man who dled eight days
af tor gassing. = The white matter of bdoth cerebral hemispheres was found
to oontain large nuubers of perivasoular hemorrhoges, uniformly diatri-
butede The oarpus oallosum contained mony hemorrhagese 4 part of the £
dorsal eord showed homorrhages in the white matter,

Fhe 20

Homorrhages of the white matter of the Wraln ocowr in
large numbors of acuts cases of gas polsoning; more frequently from
phosgene than from ghlorins. %he breaking down of the lungs mey te
831d to be the principal feature in poisoning by asphyxiant gases.

Griticigms This repxt oonsists of & gomorel discwsion
of phoagang polsoning &d does not go into
dotails,

Phe 40,

In this repart are dosorided the findings of & nwaber
& autopsies on soldiers dying from tio effeots of asphyxiant gases,
but whether ths ges was phosgsene or chlarims or, more probadbly, s mixture
14 not stateds Oongostion and ogdome of thoe lung and respiratory
system &re tho outstanding features, thowgh tlmost all the organs may

e injured,
Ao 1n .o 860
Lost mortea rindings on chloring and phospens poiszaning.

In pases cof death ot & hows after gas polsoning, the
troshea and twrounchi arg purple red and congeatod, wiile & thin exwdats
wolls W into thom from the luy;se  The lattor orgens aro hoavy and
oadstrutous, whila acrated isleta of s:physenatous over distamsion
alternate with deprossed puwr .le patches of oollapse.s On section, serious
rivid drips sbundantly fron tho lung tissus. Alr thst has esozped
fros ruptwred vesicle is socn in ¢hiins of Dublles on tie swrface of the
langs, 8l ng the Interlobular fissurs and evon ponotrating tis tissus of
the mediastinum. Iz some of tho earliest oases, the most {ntense dis=
ruptive emphysems may bo observed destroying the alr sass and interfering
wit: tho clroulation of their walls,

m AR -




Petechial hemorrbsgas appear on the Burince
of ihe lunga, on the heart, drd glno on the inner
surfags of the stomech. all the veins sre groatly
diztenued sexdé the mbdominel viscers are engorged
with dark red blood thet clets vorx esrly after
Geath. The heart {tself meyv f={l to ghow right
8ide dlletation, fcr trhis does net of negossity
appoar after death 1n capes of agphyxiation.

If the zen succumds at & iater date, in-
flermaiory complicaticns eppear in the lungs,
Trere 1& superficisl sleurisy, suattsored broncho=
pnewsonia and a purulent secretion In the dronchi.,

ie serouz exudate will then be found to have dis-
eéprearcd &nd no fluid drops from the cut surface
of the luugs.

Do FHYS TULOGY ¢

Chenges in thie blooé of rnhbits, following
exposure to phosgene. From Physiological Labor-
etories, Casmbridge, Zngland.

fxpor iments with rabbits exposed to & corigen -
tretlon of 0.1472 mg/l for 30 - inutas showe that
there was &n ecrly riss in the nurber of red blooc
corrusscles (eoute olegaemlia). Trie rise p rolate
for 1 -« 2 days. ihsre 18 also s segondary rise,
a true polyeythaoemis, which msy nersist for mEAY
wWoeks.

TR eruze oF the routo oligemla,ls tre loss
- 4 crnun’n- n acngasntrstion

¢” uulur Irs 4 s nleod,
ol ti: oaertuzclis. Sy ezncrinents tion, 1t gas
Tound t &t tiers was azn aversge ineress: o7 175 in
tha nwaher ol row blnod c9ils, within 3 heurs aftar
exposure te¢ a comcuntretion of 0.1472 me/l. It
wag also detlervived thet thers wes a d41-Inutton of

anproxlre eiy 155 in the totsl voluma of blood.
iris wes determine: by bleeding the rabbit from
tl:e carotid.

- 46 -




By macroscopia end miseroagopie exemination of
th> lungs, it was foun:i that the oligaemia had =
definite reletionship to the emount of pulmenery
ocedemd produced by the gassing, T

Cther factera contributing to olignemis ware
foun; to be diminution in the fluid scntent of the
blood, gensrslizes tissue oodema due to cinoressed
osmotle pressure rf th- tispuas caused by leck of
oxygen, outflowin~ o fluid into the alimentery
oanal, and sn cutpouringz of adrenaline.

True polyoythaemis gtar-ts about tha -th dsy,
It may persist as leng 28°8 weeks., .In Bueh cages,
there im no pulonary oedeme, The condi tion in-
dicates a ¢ofinite stimulation to the bYone rAYYOW,
due to the deficiency o oxygen, Sxpariments on
convalescent ani-als placed in e chamber contain-
ing & high peroentage of oxygen, showed that shronie
pelycythaemis couls ba temporarily =bolistes by ex-~
posure tec the incressed oxygen.

g, TCIICITY:

(1) Sherwoed sna dnyéer, B.M. IX-35,

To determine the smallest concentration of
phosgene whrick e=n ba datected b mouth,
threat, and lomar respiratory tract,

-~

Conee :Totul #1708 1~ cubt~; Nege:Joubte: Dirsm o “os,
*
.

rg/1 Tests :tive :¥ul Pos : ful  : Tests in “ec,
:téstastents :Tests:ﬁeg.T-:ﬁin.ﬁax. AVOT.
0.000: 8 : 0 0 8 : 0 : = - -

0. C04; 9 1 0] 8 : 0 : 85 5 80O
0.008: 10 T 2 3 3 2 :35 & 41
0.015: 9 Y 4 1 0 : 23 60 42
0.025; 14 : 12 2 o : 0 : 10 60 32




(29, *n 4o

respiretors.

The subjeocts in the £2llowing test woro fanmiliar with gas.

Bxf:ariuenta. to daterming persdml faator 4u tsstixng box

0.01786
0,0268

0,0853

0404418
0.05603
0.058u8
0,068803

A D 4% % on 0 w o

g lNN-Iu:Pu
N % 0 ® w0 e 8 o
»

g
E

£ ] (]
s 0,013 ] 1 ] s
18 Q.,01Y66 ] 8 s 14
Y 0.01766 s 12 (O .
ts 0.04418 s 1 ] 3
1t 0.,06608 s 12 s
1" 0,08888 3 2 % §
ts  0,08803 s A s ]
Oan stand stronger
than 0,08803 X ]
&

fotal

The su:jeots in the followirg tost wers mot scenstomed to gas.

) UG8 WS Q

3 L8

Erang “ 1t Soo Yo Koa s3krescine ]

. -
0,008802 1 1 12,6 11 0,00802 [}
0.017804 1~ 3 t 376 11 0,01%38 3
0.033208 $ H4 ¢t 25 tt  0,017304
0,044156 H 2 s 25 1 0035808 3
Tote) = « -« - - 8 3 18 0s 03418 ]

1o moc tmux concentrations (43 porsums tested) which eould
be breatmed for 3 minuted without sorious discafart varied from 0.,008832

Potal = = = - -

3
1 1 12,8
1 f 12,5
2 ] 25
1l 1 12,5
3 3 3T b
8

mge/le to 0.08832 mge/ls  About omo=half of the gubjoots found 0.0364
mg./le to bo the 1limiting concentratlon.

Criticlsms e "Wreczxing down oomcentration' is epparently

the corcontration which was wnbeurable far a pariod of

tds is not clearly indicated,

™%
Ly il

& minutes, . but

<




(3) HDD. &

A oconcentration ef 0.044 mg./l. produced irritation of eyes,
npge snd throat with cowgh after 6 minutas; odor perseptible at 0,0044
m./le The oonjectural figure given foyminimum effective concentration
1c 0,88 mg./l. and for wezimus safs oonooniration o.ome mg./1.

(4.) Phe 1o

Irritation of eyes produced at 0,054 mg./l. Intense
irritation at G.422 mg./1.

Oonjectural figuress

! Bexdimune tolerable congentration
2.2l mg./1l. for 0ob minutes exposire.
0.88 mg./1. £pr ByO o
Hnimuza lethel concentrationfor a X mimte exposwre, about

01104 %o/lo
Tho maximum s3fe ooncontration for & 12 howr expisiTe was

0,0044 mge/1e
(5’ P» - Y-Zm.

With eyus and nose proted ted the minimum eancentration which
ean be doteoted by tho throat and regoiratory tract was found to be
0e25 B /le

{(6) Pn 13

0.02208 mce /1. mazes sojouru in eir impossidle.

{7) C.Co Pe 6064 (§248)s

Experiments an tho YFatd e of the sense of smoll'l

“

Bight observors exposced 2 o concantration of 0,00883 2ge /10
for Z mine; odx was Yary porcostible, only ounae thoight intomity of
cdor diminishedy 4 complained & irritation of eyes.

Canolustiong Thore 1s apparoently no fatigus of tha senses of
smell in the 6386 oOf phosgons.

Kotes In working with phoszsns in the Tuxicolgeloal
Laboratory at Edgowood frsenal it has been found that phosgens doos pro=
duce fatigue of tho sonse of smolle ReEoMe

- 48 =
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(1)

P.Te VIII A=351,
foxicity on 4ogs, E’hnsgaifm an&‘mte;'d.'

A mizturs of 803 mustard, 20% pwe phosgens at 29°G,

produced death on dogs in a slightly less time than 807 mustard snd
20% erude phosgene at 2090,

(z)
on dogs.
tos te

gongentration

130

0.50
0.50
0. 25
0,23
0, 10

oL

- v

Oritiociams The report is vagwe and inconslusive.

Mayexr
607,

On the taxfeity of a mixtwre of mustard gazs and phosgone
Kxture 50 66 = 72.8 gm. phosgons
48,5 00 == 68,2 gme mustzyd gas

(a) & dogs used 8% each o_’dnoentratian in tho following

Exposwre Resultant Resultant dsath

5 if mustard gas

anard i

15 1/3 all
5 0/3 sozo {1/3 for phosgene)
20 3 - &1
« B 0/s -
0 o/s -
2Tun mizTigl-oiizollesions on the animals used in thesod

sxperimonts seem Lezs Sovers than tiose prsaucod by pure phosgens.

(b) 1 dog wsed in ench toste

Conoentretion Arzosure Result

JCalda HAnukas.

0,60 %0 Dled efter 4 days
0,60 - & Killsd after § days
0. 50 [+3] Dlod oL tor b days
0. 26 60 Killed after § doys
Qe 28 5 ¥illed s€tor B days
0.10 & Killed ef ter 5 days




OGonolusions < Mixtires of mustard 888 aund phosgena (50%
of oach) are leas $oxic than pwr's mustard gas or pure phosgens.

Criticism: Thare sgomscto De 300 little data %o entirely
Justify ths ¢onolusion, PR.3.¥,

(8) Martin, gearle end Dallwig.
BoM, XXVII-84, (1L2),

Kixture of mustsrd gos (80=66%) mnd phosgeue (20~-15%)
Moity on Aogs. -

Methods FPhosgens was displaged in flasx by consentrated
sulphuric acid $o obtain conseuntration and checisd by anslysis, Two
go0e8 wore mixad and run into gaseing chamber, YVentilation of gassing
chambers 260 1/min. mteterd gas omoensratior czlonlated by loss in waight

mothod,
Exposmure: &0 minutes.

Soncentration Mgafde s ¢ tDelayed sXotal iRecover- ¢ £
Husterds ~Phosgene tKo. sdcute tdoaths ¢ ges ties in 1 gas
Cales 1Qalesdml, tDgsiNeathsiNo. Of 1dgathas swo t Deaths
oo aics

$ ] ' s t s s :
0.08 110.,01: 0,01 t 2 1 0 $14, 14 s B 3 0 1 100
0407 10.0130,003 (¥} s 2 ¢+ 0 1 8 t 1 1 T
0,06 1 = 34=,01 . 1103 O 5, 6, 43 3 8 s 20

P 2 14~ 072 H ] 110 : ] ]

[ $ 90 10% 1 s t{other ' t

' 3 s ' t ocausel: t P
0.05 10,0118~0086 ¢ 8 3 0 321,868,68 8 + 5 s 8%
0.04 30,0110,01 14 ¢+ O $ ) s O [} 4 $ o}

z = Jirst runs with flownsters Locuracy of concentration
questionables

Ganclusions;

ls  Iotnhsl consentration of mustard with 16~20% sdmiztiwe

of phosgone = 0.05 to 0,07 mge/le
Qe  dfiicioncy of pmatard is diminished by edmixture of

phosgens, 23 shown by the resulta, that thore Wore no acute doushs and there
Waa an inoresse of 6 days in average tima of death over tie ooxrresponding

time for pure mustard,
8  Tiere is an apparent direot antagorism betweon mustard

g£38 &nd phosgence
Oriticisms This chacks Dr.Ysyer's conclusion, HoieKe

~ BO -




(4):Kruse u’ui Dalilwige.
P.B YII A-348,

Toxiolty on Dogs.

Bixture of musterd ges (sversge 76%) amd
phoagene, chiorinae frse, (sverage 23%),

Hethods Musterd gas wed saraded By the uvstsl method.
Fhosgons wes displaced with soncsatrated sulphurie sacid., %he gases
wero mixed and drawn into the gassing ehauber, Ventilation of
ohembor 150 = 230 l./min, (Chomical Rnalysle was made for tetal
ehlorides. The mustard has ooncentratsd waa oheaked by subtrasting
the nominel phosgens concsniration.

Bxposwres 30 minutes,

Mastard ¢ Mo, ¢ Dolayed ¢ Irue tRecover- 3 &
gas oonce § Dogs ¢ Doaths $ Rustard ties in 1 Muatard
mefle s Days s+ Oas $t Zweekyp t  Gas

g 1 & _DPoaths 1 i _Dasthe ,
' 1 13 . 3 t

0e17 t 2 14,8 t 2 ] ") 4 00

.08 3 4 18,6,12, 4 'y s o ¢ 100

0.07 t 4 165,412 ot 3 3 1 : 75

0,08 t 4 110,8,%,9 1 4 3 0 1 100

.05 1t 4 16 3 1 s 8 t 25

0.04 t 8 19,8,5 s 3 $ 6 { -1

0.05 3 10 35,4, 4,12 3 t é ' &0

Conclusions

1. The lothal concontration of mustard gos with 257

phoszoens 1s 0,05 mg./l,
2e Thers is no advant.pe from the toxieolorical standpoing

in wing the mixture.
{5) C.Ll. 18 (2.G. 21)

Mixtures of chlorpiorin (8 ptse approxs ) and phosgens
(1 pte) worsfreatned (eyes exposed) b7 10 subjectss FPhosgens had mno
influance on the lachrymmtory powsrs of chlorpicrine

s




(¢) =x-080, vol. 3.
- seaend Interallied Gas gonference. I-5-18.

Phosgene and Gnlorpia-tn - umoagene 42,3 ;Chlerpiarin 51.7)
Inbaled = X0 minutes. S
Mix tures not rore taxice than thair eonatitusnta.

(Pbosgene = 50%
Gormen Green Oross 11 Shell (Irichlorcmethyl ehloroformte = 30%
(Gnlorinatad Arsine = 20%

Properties -

(&) Storoutatary sction - concentration £ mge/l., 1 mg./1.
0.25 mge/l. for man and snimals.
(b} Aoction on axin uneartaidn = none noted on animals.
{e) Bespiratary irritant propertles =~ suffocant upper passages -
concentration 0.03 mg./le, deeper passeges = concontration 0.2 ng./l.
(a) Effect of inhslation -~ Toxieity
lethal oconice Za dog ~ Qe8 B le = 15 min,
1 de = B min.

(7) 2-53~4
: Extract from the Otﬁcial Rgport of tho Besaiom of
Jun, 23, 1918 = Ministry of Armanont.

Gl the to:ucity of liguids extracied {rom enomy shalle
Tast of two snomy sPall containing

Fhospene = 48,5%

@uorpicrin = 51,73
Toxicity of inhaled mixturs was tosted.

Hothods Vaparization with compressed alr in 13 clle
cnanboXa Heeh test on 8 dogs of from 20 to 15 Kge wolzht.

Exposures X mine

Resul tss Sonce nizefds.

Died 20 hrs, aftar

1.0 L7 R "
" 48 @ "
Died 24 hrs. after
0eb n 48 ® n ;
" 48 ¥ " ]
o

] Died 4 days aft
Ue 25 Swrvivsd

" '
i




oons ti tuents,

Conclusionsy  Tho mdxture is not more toxie than its

(8) Eruse ana Dallwig,
P.Ts VIII A~353,

Toxicity en doga.

Mixture of 808
66

phosgens (ahloring free)
% cyanogen ohloride (pwritied)

Mothods Cpunogen ahiorids Vas asrated in the usual
Yay and imersed in an 10s vath xept at 0°G, Phosgens was run into
chambar by displaserent with Songentrated sulphuris a0ide ue gnsses
¥went throwgk mixor, than into gassing ohamder. Ventilation of
chamber 250 L./min, Chemicsl Anolysiss Total chlorides, eyanogen
chloride. Chooxed by s trasting noming). phoagens Ligures. .

Exposure time! &0 i nutes,

Rasul ta:
Lotal Agute Yslaymd Total Rocovered
Cong. Eo. Deatns Doatna Trug .
Qa 90 2 L mn, 2 min, 0 2 0 100
0.41 2 7, 81 o 2 0 100
0.28 2 . 8 0 2 0 100
0, 32 4 17, 18 13* z U 60
0, 51 2 %0, 42 0 2 0 100
Q 29 2 0 ) 0 18, no recora 0
0. 25 4 1'n 43 mins, © 1 1y, 1y, 19 28
0. 25 : 0 0 0 19, 19 0
0. 22 2 1 4n 14 nrs. (o) 1 p=9) 60
0.21 & 0 1z~ Y] 14 (4]
0.14 4 0 ¢ 0 1, 14, 14, 14 0

*Deathnot dus to gaasing,

Conclusions:

1,  Lethsl concentration = 0,315 ™e/ie 0f each gas.
Kote: bBeriss with cyan

at 0,15 m», /1,

present in lethzi congentration.
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ozen ciloride slone suowed deaths

2o D proauce desths with rixture, 6ne of gases must be




{9) Krvam end Dallwig.
.0 YIII A~Z34.

faxioity on Yaga.

¥ixture of 5O% mme : .
B0E Prosgess {abaorine £reas )
Hothod: Arsinpe wua ¥un iato chumber by displacement
#L%h & saturatsd solution of aodiwd ehloriday phosgens run into gnambex

by displacensnt with congontreted sulphwic adidj Eases mixed before
introdus tion into gassing chambery vautilation of chamber 250 1./m1n.

Zxpesure: 30 Xinutes.

o ghemical sontTol anallysis wug run es the dis~
plssement mathod is very RKECUTE Lo

4 total of 20 dogs was used,

Rasul ¢

fotzl sgute Delayed  Total Recovered Pgrcent
oono, Ro. Deaths Vaatha Gas in 2 Gas
0. 40 4 2 Boaths Y~3/D 4 o 100

28, 9
O. & 2 0 L+ v 2 (4]
O &7 £ 3] 0 ] g (¢}
0, 88 2 1 in 18 hra. 0 1 1 60
0.31 2 * 0 4] 0 2 0
0. 28 2 0 (4] ¢ 2 Q
0o 27 3 28, 46 0 ] 0 100
Qe 21 2 0 ¥] 0 2 0
Qe 20 2 0 0 o 2 0

Gonclusionss

: 1. lothal concentration miztwre 0.4 mze/le & little
hizh:r than elthar alors. (ersine = 0+3 mzo/leg phosgens 035 g /1e )
: £, Only adveniage = More soute dezthe




1.  M.i. Kuhm, PeTe VILI = 4=388, .
Richter, Burmell and Oglesby, B,Y, XXX~63.

Ropart on Phosgens fired deatioally iy Livens projootiles.

& QObloats To datermino the ooucentratioms,
limits of oloud and texic area for dogs end goats in a doudble 1ins of trenche
08 ugirg phoasgono in Livens projectiles and to £ind how the acngentration

variee with timg,

%  Xathods

1. One livens drum containing 11,850 0os (86,87
b3} of phosgens (0,753 pure) was fired statically 30 ft. from first
trenchs  The distance between first and 8600nd trench was 37-1/2 feet.

% The booster had a 1/8% groove, 3/8" wide,
machined to its full length. & oz, black powder was wsed with & aguidb,

3¢  Animals used (exposurs 30 minutes, )
(a) Soven goats at 20 £t. intorvals with
: dog betwean goats &t eithor end of
first trench,

(b} Fino goats at 20 £¢. intsrvals with
4oz botwoon lasgt two goats at el thar
ond ¢f socond trench.

Y Qe Mo anl Dutn

Catober 8, 1918, 11,00 .2
“aathar = clear.

Wind volocity et £iring, 35 miles por hour,
Avsragze for § minutes, 4.2 miles per nour,

“ompersture of eir - inside trench 56%,
o

"M = ooutside ¢ 85°F,

® ® ground = ingide n 45%,

" " " o« outside " 47%,
Rolative htmidity = inside trenoh 713
" " outside "o
Baroms tor - 29485 inchgg,
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Pireotion ofwind ~ at time of firing, right sngles %o
oentar row of goatse I¢ suddenly shifted to the right earrying most of
the gas to tho right of trenchss,  Uloud was higher in air than usual
and oenly part of it settlad in ths trenches, Eomg  phozgens was left
in oup formed by bursting projestile. This bolled ewsy in 8 minutes.

- ]
" 3 fepter _Uarmal i efimats .

" tlachrym: tion, pasal
———t 20 f%. 2ichs of gontar talgobarcep rotohins g
~ 8 T ’
" 14 " LI FBiic v 3 W 1Mo effegte
- . -~ ~ -~ A ‘ .
n-183 " nr.r vleatrmation 2ldzht gasualty
- 1 . - . - s&8light depressionm, ]
Rog 1 B0 M Jefg " " iaokyypation . sLicht ooguslty
) - - - - s Lachr it ion, ]
" " " thicht osgualty
% ~ -~

Sacond Tranch

Gost 3120 £3, 1Lt of sontar  tlochy-rintion tLiznt casual ty
H 290 ™ o ] L Y ”" g " '
[ 1. 50 ) " fn ot [ 4 g b {
A W+ ¢ I n..n " FY: {6501 § 4.1 b
t ~ - - tloolrynstion, nassl & . -

——dQantar dddscharcu, dewrossiomaliaht gasualty
: " % —alosal dlaghorge | ildcht Qagunity

" s 60 " "

B | . - « . tleohr yma tion, L]

" ot Q) W " L) " tDasragsien L " \
$ . - - - $ Laghy preation, s - N

#oalog A n _<ilauresajon L.

Dogr. 8305 " left n tLaohrymation s ¢ o

B - . tHawal diserarge,coughtDesd 4n elaven
1106 7 pigut " " siag, vondting, con= sdaye

 Janetividis - 5§ =




2iald Rasnltas

Bezples wores taksn os £ollowss

(a] Firss trenche

0 = gonter

D = % feot right of center

E - 60
A~ 60
3=

L]
n

<

4

L]

laft %

{b) Eescnd trenshe

K=~ 20 foet loft of

G =850
¥ - 60
I=2
J= 60
X~ 80

L]

x e 3 2

»

right

n
k4

ERT

> orgI3m 2 =B

% B

2

centar

s )Rz IR B

Semple t Comoontrations in Mge/le for tho following iptervels of timo.

'

Rynwyedpouotp

s& Bage=

" M B T Su b P e 88 B wm B

0. 24
0.62
0.10
0.2
Oe 11
0.17
0,85
0. 21
0,10
0,06

30 Soo= 130 seo~
] s

t 0.12 ¢ 1l.681
1 1,71 3 %2
3 0.64 t 2,36
s 022 t 0,48
t 0,17 g Ded2
s 0.40 1.3y
s 011 112, 1S
s Qo223 t 187
3 Q32 3 033
| § 0.49 3 0.1!)
¢t B¢ s 0.18

t 1 Ein~

e G S 6% Q0 @4 = s O 6 W

Bed?
0,75
0s68

De?8

Oelz
Q.85
0e 35
0,08
V.64
0.13
0006

s 2 Eine

o B S S B0 s s P S W B e

0.52
0.19
0. 21
0. 24
005
032
0el1
0.16
0. 76
0. 28
0. 58

1t & Mg~

020
Oe 24
0o 24
0s12
0,05
Oe 21
0.05
0.28
0,99
080
0.18

M P & s W e B B B N B =




-—— e e

l. & low’" goncentration of phosgens was produced
eleng 120 £3, in f£irst tronch and U0 4 in sccond french,

2. Tho oonceniration produoéé. by & livens damm
£illed with phosgone Fired cutilde of the trench under ths existing
weathar sonditioms was %00 low to produce severe o total casualties to

any extents
S Tho low oonsentration of phosgens in the

trenches was probably dus to eseanding air owrTonts &nd 10 & heavy i
booster, a8 rost of the gas ascended and passed over the trench.

4. 4 righar soncontration of gas ¢ould probably
be produced by firing esrliar in the morning befwre the usual inereiss
in ground temperatixes

5, Glcud tco widsly socattered,
&, Persistoncys

10 minutes &fter firing - edor of phosgens
pronounced in boti trenches.

16 minutes after Ziring =~ odor of phosgsne
practically gony from trandhas.

% pluutes sfsexr firing -~ impossivie to
datact phosgona.




e Xuhn, Richtejpy Iarrell, Glayton & Oglesdy.
PaTe VIIl=imBo., Bo M, XXX~6be

@ Qbiects To find ocondentration, variationm in
eoncentration, limits and lothal sras of alocd &f phosgens.

b.  Hethods
1. Yma = 748 A Ky hhm 1?. 1918,

2. Projectile - Livens =~ 11,880 ea. (36.6 1bs.)
plosgone = 98.1% pure, placed inside 2nd trench in the old trench aywtom.

3e  Booster scrowed in with litharge = glycerine
gamente 8 oz. black powder usad and g squid with paper peeled back,
Booster grooved 1/8" lomg, &/8" wide, mmahined to full length.

4, Animsls - b dogs, 20 foot intervals on ench
sido of projectile. Exposure 50 rdnutes.

S«  Samples = 8 groups ¢f Tsamples each taxen

over 5 minute periods, 4 on each sidge of projectile at 20, 40, 60 snd 100 feet
dosignated laft to right A-i. . '

¢  Motaorologigal Patas
Feather = glear.

¥ind velocity &t firing, 2-1,/5 miles ver.hco>.

Tlrat Eominutes ecunle 3,2 lTid L ir BoUs .
< Temporature Of eir = inside trench 4598,
n " " - ouitsida ¢ 43%
e " ground = ingids " 484 207,
" " " =gutside ® 46,497,
ialative iamidity - inside treneh 93
14 n "O‘sltsida " 92;‘
Bargmoter - 29495 incies.

- 59

e




o5
Cancentrutions in mz. /1, for the

I’E 3

- 60 -

Bample folloving time interval Ss

H

35 Ugc= 1 10 Se0~ 1 0 gea~ t 1 ¥n- ¢ 2 Mipeg 3 ¥in-y 5 Hinpe

i.onds 4. onds 1 _ondg 4 ute 1 g

$ H t ] H t :
A t +00 3 o Q0 3 005 L] ——— ] 03 3 223 8 0L
B g L0 t «08 [} 149 $ 033 H 08 094 ¢ et
o] t 44 s 1.78 $ 8,00 b 4,40 L Po=- 3 et 1,15
D 145, 70 s 88.50 s «02 H « 20 $ 780 3 4485 3 6672
B $ 1.9 $ 11,20 | .88 4 8450 $ e 15 $ 4,85 3 Be 90
P & 60 H 10 ) ¢ 68 $ o 12 3 15 e08 § wee
¢ 1 <08 ] « 02 3 S BY ] 3.14 1 2.7 s 2,29 1 1,05
H 3. 203 o 20} ] 203 ] 202 ] .oa H 2908 1 Py




1.  The lothal srea for dogs extendsd 100 £t, %o
the left and 60 £t. to the right of the projestile,

P

line of snimals ghould extend farthsr tu

get tho true limits of thehoxic sress  Poszible toxio gondentration be-
yond the point 100 f¢. t0 left of projoctiles

S

© Much highsr gongentratien of phoszens &t

level of dogs than at level of sanple bottle (2-1/% feet from grourd).

4.

Be

Extent of visible aloud;

b minutes after firing = 16 inches froo ground,
108 fest left, 7 feet right, ‘

10 mdrmates after firing ~ 100 feet ia largthe
8 minutas eftor firirg = 45 feot in lengthe
Persistencys

% minutes aftor firing = trench mot habitabls
with masks,

1 howr after firing - np discomfort except
within 20 feet of arater,

2} hours after firimg - complots digappearange
of odor ovor arater.




& CaVo o §50«

Roport of the Chemiosl Advisory Oomd ttee = Mexrch 27th =
Aprii B, 1917,

e Objact: To determine the suitable bwsting charge
and to obtain sn indication of the natuwe of the eonsentration produced by
the explosicn of a ganister £illed with phosgens, in a trench,

Ve Xalhoda ) Iiveus bawmd filled with phosgene with
a bursting cnerge of 40 gme. of totryl was exploded inm trench and 52
samples of atxr takane

e. Intacrolasiosl Datas
Tinad velooity = 12 miles per hour.
&  Ioxigolosinsl LeaRlifs

indmals veed = 22 {goats, rabbits and rats)
Killed by gas = 15 {66%)s 411 doad within 24
holwwrs, Hany dlad Vory 500m &5tar eXHO8Wros .

Uagualties in clearly marxed Bones in trenche
All animals 4in zons 17,5 ft. on one side and 41 ft. en the other side of
badd wore xillede Partial casusltics 7 £t. on oue 8ide and 67 £t. on
other gsido.

Srisioiyny Tlme of doy and amount of phosgend
used wre omittad, Re oM

< € Mald fosultes Uizhest conguntration 1 voluwne
phopzons in 43 volurcs of air, 107 m3e/le,00llected 20 seconds ef ter ex-
sioslon, 3 fev$ from bomby 1L'0" &bOVE L100X

At tba bursting of the bomb vary la: = quantitiea
of phoszene were thrown into the sir far above the grownd levely dsspite
thias,high consentrations wars rooorded st first though e sharp drop took
plsse about 1-1/2 mimitos af ter the exXplcsione




Ropart Of 0. 4.0 dugust 7 = 13, L91T

Rxpariment I

e XKeshods

Fow 60 pommder C.l, shell in liwe st 10 yards
0 windward of trench,y exploded simultancously, with 16 gme totryl bursters
and ¢$18 e.eatric fuses.

b,  Hataorolocical Datas  %ind velocity ~ $~3/4 miles

por hour,

In trenck at 36" 116 soconde of tar bunﬂng al Yolmno phoagenc tc481

Khore Liogr 10f gholl, A 1of )
] ]

An_Quzout | s¥axy low L
do  Zoxigelozzicsl Ratas  Observer wooring smell box

respirator with extension rezzined in t®ench in dirset line of the ¢lowd,
Hu odor or taste of phosgene was detoctod. :

Exporimont 11,
8¢ [Lothods Ore shell exploded ss abova.

T Wind voloeity 4 rdies per nowr,

¢ Riold Roguita:r Tvwenty-nine ssmples token,

In tranch S ft. from 110 saconds efter explosiom wne v Luaa o; phOagene to

1 t* ab T nsid i L air - Tde
In dugout -1'8" above tl-1/4 minutes af tor explo= sUne volums of phbagens in
101, : tof shell 1839 vol, of &




Comparison of ooncentrations obtaimsd by bursting statioally
varions types of missiles filled with phosgenss

(a) 4 =60 pre C.l. shell explodod moar a trench (Hes above)e

(b) 4~ 4" gtoxoes bombs z L " (G¥.G Ropart 46, pg. 6.)
(6] 8= 2" 1.3 bdomba o L v » " 66, " B,)
{d) 10 = €.6" C.I. Howitzor shell, M. I exploded near & trench -

- {Ce¥i Cs Raport 68, pz. 9Je

Oompariscon of highest gonocentratiocne of phosgene obtained by hursting one

Rgslle in Wonoh,
'

: s
Duc-gut 3 3 £. 84098 4 ==~ fem——= 3 &7 1 68,91 1 =v= gu—meem

{a)
{»)
{c)
(a)

= 60 pr. C.L shell (sce aboval.

~ 4" C. I, Stokes bomd (C.".W.Ravort 46, pae 6).
- 2" 7,0, bamd (Repurt B3, 3. 3).

~ Livena drwus (Ropars 60, rge Ble

o

Obgorver wearing & specisl box rsspirstor wita ex-
tenslonontered troach lmmadiately after oxslosion and romained in dangost
pert of eloud for § minutes With perfect protoction azzinst tao phios;ora.

e. Lopglvaiong

fhoszens is s suitubie £i1ding faor G, 1, shglle

i omp——




8.

G.0.P. 228 (Co?hco e9}.

Report on the tront covered by the 69 (26 ort.) Horitsor
when firing shell f£iled with pPhosZeDAe o .

Dimeg Jamsry 12, 1918.

B

De

hoights of 1 £t

4
dlagrams AYS given

Hotiods

No. of exporiment » 7

Eo. nowitzers vscd = 1 Ho. rounds fired =~ 22,

Esp renge 94000 ysrdsi Rate of fire B2, = &0 sooconds.
oims taxexn to fire ell rowads = 11 mihutes.

Eovitser on contsr 1ins of section artillery trench ~
tnimals over front of 0 yuxrds.

thell = 6" (26 owte ) howitxer, csst iron

Filling ~ . .phasgens

Purssing enge = ¥umyl @ (b}

Propellant ? - P2rd '.G-Tc

Blind Sholl .= O

Mptporelozios) Petay

Baromaetexr = 29.55 inches
Trermomster = Vet buld 87° F.
pry " S8°F.
ground temperature .- 359 F.
¥ind - Weat, Soutowest varying to %est and puutiwest.
Vitnd Velooity = 7 = 4 miles por howr
Sy = clowdy
Puinfall = all during sxporiment — trage &sring prsvious
£4 BOWX'Se
Pimo of dzy = 5115 F.M.

Elold Rezudtas
Concuniretivas weiv doterndned et varigus positions &t

{n. and 4 £t above the grounde  Oouplete tublea with
in the origingl reporte
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. adove
Lloor of trench

I’g.?per litar Yolume of alx

B T T L

)
&
'

diagram in Vhen sanple was &t which sample ooftained 1
original taicen, waS $aKen. Yolume of
report Minztos Seconds FPt.  Inches phosgene boty i
b F 48 4 0 nil il é
8 " " " " 0.49 9240 g
12 " u " L 0.23 19700 §
17 b B " " 074 6120 ;
18 " n 1 8 0.25 19700
23 » 4 4 0 B 84 1840
28 # L X a8 2.89 1680
28 . b4 4 Vv 0,15 30 200
23 L4 n b 8 0.08 56800
5 " L] 4 0 0603 #6800
9 " H B L il nl
& 6 18 1 i 0.71 6300
B " L 4 0 0.687 6200
o) " n " " 0. 64 82680
11 " ] i ] 0,76 6080
15 " i 4 0 0,13 34800
21 # " " " 020 22600
27 " " 5 4 0.08 56600
&3 " " r ¥ traos trace
% » " 1 8 o.12 87700
88 o " & o Q.12 STT00
& " 4 1 8. il )
42 " ¥ 4 0 trace trace
S 16 15 1 S Qe &0 RR600
4 " " 4 0 O.41 11000
e Su Ly " b Se 25 1390
14 ’ " i " 0.25 17400
15 " 2 1 3 0. 82 14200
29 o " 4 0 nil il
Z8 L # " u 0.12 37700
o0 ¢ 2 " g wace truce
&4 " " 1 8 0.03 55609
o " ’ 4 o nil il
41 n " " " trace trace
4l " " 1 8 C.08 56600
§ o= 4 0 8 16 23200
1 1 2] 1 8 : :
13 " " 4 o 7.§§ ZEEZQZ
i T 5 5553
&2 " " " 5 0elZ 37700
= " ¥ 4 0 0,30 15100
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Cor e e G . . e o o L R T im et s
ol D 4 oo T IS " ‘ N

¥

Poct tion Fime after Durat Height sbove CONOEHKTRARIONG
¥oe Se of Yirst shell floxr of trench  Mg./liter  Yoluze of air
diogram in  whan saapls was at vhick suple , oontaiping 1
original teXxsn was toen ‘ Yolum of phosf
raport Min. Boe. Ft Inches gene both &t
R T T Y ~ i —-—&&h—.—.

1§ 11 20 4 1+ 04 56 18900

- ~ L X 8 0,09 50Z00

) o » ¢ Qo L J." 5 trocs

40 ¥ #® " " 0. 22600

43 " " (Pgouts ). 208 1602

“ ] n { =% } 0.08 56600

<5 " 4 (£t &8 4n,) nil il

L Sl e

(8ee Papart zor dlagrem of wrrengement of animals. )

. . = T

doiuals  In treuch Iz drgous Iz open - Rumber  Romerks

po— as 22 vda'.’. killed

Boots ) 1 0 s Only thoes oa ex-
treme »ight of
ftrench swrvived.

Rats 18 0 1z* 19 Only thos¢ on ex—

trema riguht of
trendh and on gx~
tremo £lanks {n
ouen EIRViveds .

*Zooluddng 4 rass walel ascupod dirrisy; ohioots
- Concinziong:

1. 1n the opew at 48 yrrds from the moen peint of
impuat, tho front covered by the gun was 85 yurds, i.e. from rat 23 to rat
83

2, In tho trench = at 8 yerds frsm the mosn poingt
of iupact, the £ront oovered was at losst 55 yarda. In view of the fgot
t. rat 34 was outside thne northern limit of the letis: cloudg it ia
prokeble that the eloud in the trench did not extont beyond goat 18,

3«  Front covered by 6" howitzer = 40 yards,




o ~ geptenbep 12, 1918, 2y p,y
To dotermyg, of1olenay by £4,14 tosts of

% Qblact,
sontrifugal Mozzle or mobile gag wit, 4n 8pYaying Phosgang,

Cloudy wy ¢p intermy ttont nghtng
¥ind -

Ar Semargipeg o 63,
Gromna  « - &re,
Awotpherio Prog, = 89.? in,
Bolative Imnuauy - 433

Amount d!.schm'god from Oyiinder g ¢ 80 1bg,
" hd I ¢ 80 «
Ring or uacimrge of 4 Is ¢ nuteg {slow
. ratg)
" oon " ” il Il ¢ g8 8a0ondg (tui2
-rats )

Pressure ay D320 = g0 o 250 1bs,

% (Bxjosurg Bomiy, )

e Pirgt Tow ~ 40 Tte from Sylindar w -] dogs, 29 I,
1ntervals




tVaselines Mask

1. 000K 8

]
b ]
s
B tin stop=1 Llroke ¢
| 4
'

] L] ] ] ]
B 1.0.00 20,00 4 .00 1 Q20 010t AR ARDen .
: ] ] ] t t
. 1 19,00 3 000 2 851 N7 1§ i 0200 ;-
] ] ] ] :
K aMasing s 0,00 a 0,00 2 . F0l A Q.87 "
s3topped ' 1 s i
L 2 20,00 1 000 &t OuR 1 Qa B3
] 3 Poor t ] H
E ‘ Q&& ! !%Em 3 OIOQ 1 Ol25 1 Dﬁw - .
1 Poar t s 8
by tYeowmya 3 0500 3 0,00 ) 2258 1 0.00 3
t : ] s '
b 30,00 1 0,00 ] 0,00 1 0,00 0200 !
' ¢ Yoar s ] ]
K 1. 0,00 gt yoewmm 4 0,00 3 0,00 1Bottia broxon 1pn lak.

PO IR IONS

Left of Uonter Contary Rirat aof caqtor ;

Pirst Roz
40 £t Rocovared
2 £t Died 10 hxse
0 "

Died 3 hra,

- 60 =

Dicd howrs
Dlod sgé: n




60 £t, Recoverad Ragovered
&0 " Died 150 hrs. : . Died 14 days
2 ° Died 10 days : Recovered
o ¢ Died 14 Nhrs.
150 £¢. Recovered . Dled 15 days
00 % HRoooverad Bagovered
80 ¢ : Recovarad Died 1D days

f. Qonolusionsr

A lethal concentration of phoszens was dbtainsd over
an area extenoing 100 feet fram oylindsrs slong center line, X0 feat to
left on 15t 1ine and 40 feat to left on secont 1lin2 of dogs. CFhosgens
18 equuily as affeciive 83 srsinve in the mobdlile gas unit.
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3, Berorofte OeCoFs PAls [34°73)

&  Gblogts Experimant o datormins the gndeT surface
persistonoy of phosgens, aftar liberation from artillery sbell.

Pime ~ Docember P4y 1917 = %180 Pule
b Hethods |

Shall = BO pr. C.1, filiad phosgene
Sursting charge ~ € (al
" Fude =~ §106
Map range £300 yexda = rounds fired 16
Hme tazen for all rounds = 11 minutes
goro timg = at burst of last sbell

. orel
T¥
Yontler Bacoidals

Barorwter =~ £9.97 inches
Thormomo ter = Wet duldb = C&S
Dry bulb - 45° P.
Gn.und - &l.5 Po
Wind = Y lislie=Fs Yolooity 7 mliea per hour
Bky = Clowdy
Rsinfall « Kil. Gwring exposure « 0.02” d.m‘ing
provicus 24 howrs.

S nin, §ratnt indications phosgene goli towardg orater = nona on crater
taros.
4 min, 170t dstented on orater by prons observer = feint odor like (14 =

s teet paper nogative £or phoSEaro.
5 to 8 min. sRo odor of phosgeno in five oraters = earth turnsd over - odar
1lize C0lg

@ neluaio

Phosgens has ne 1xior ixlace o

~ 7Y -




8 Xuhn, Bichter, burrell, Glayton ang! 0glesby,
Belle XXE~86, P.T. TIII=2399,

Firirg & Livens projestils losded with ph spene and pumd oee

. Objlosty To find éoncenweum l1imd tz a4 parsistensy of
& clovd of phosgens rasultirg £roa firing & Livens projostile losded with
Hioegers and pwalcs 1n & trenchs

be  Mathods

i, Pims - Ootobor £5, 1913, &1 Al 4

B.  Projeotile = Mark I Livens = §/4 fwil punios s tome
1/4" An dismoter, 7,574 ¢o. phocgens, 105 air spage by voluss, 85 gmas,
loosely packed 4els ThH.T. 13 datonator.

8 Animals - 3 dogs at £0 £, {ntervals on each sido

projectile. Exposure 0 minutas.
4o Sumiies - 4 grouwns of 10 swmples on each side of

rojectiles 20, 40, 60, 100 ft.fraphrojeotile = dugignated left to right
b1,

Se aloanl O o

Fuairly olgar. _
¥ind velooity = 0.6 miles pes houry(aversge for B min, )

Teperstwre Adrd Insida trensh - 58%,

" *  Outside “ = 57%%,
Grownd touperatured Iaside ¢ - b7.208.

" J Outside " = 57.2 e
Rslativo numldity: Inside - 941

" " Outsids * - 947
JBoroma oy - 23,9 irehes

Lo Fil=12 Rnguts

Sormmey Co oaniy s
ple 315 Ceg~

3

t ) 3 : ¢ F t ]
A 3 0,08 3 0,235 § wmewnm 2 0,23 % .41 8 Na¥) ¢ 0,19 ¢ 0«00 % 0,00 8 0,00
B 20,0818 0,15 1 0,048 ¢ 5501 0a79 ¢ 0.0V ¢ 0,09 8 0415 1 0,023 t 0,03
C 1 0,15 ¢ 0,09 le73 3 4a85 ¢ 362 t 0,03 & 0e50 t D449 ¢ 0,08 ¢ 0.09
D 1 0u51 3 2,85 513,88 3 BeBl 3 BaB3B t 1.70 1t 401l ¢ 780 & 0.09 38021
E 13,98 116,88 1 7,44 t¥1el5 t = 3 7,58 % Q.41 1 Oe6l 1 030 ¢ 0,08
r 2 0,27 1 Ce00 1.06 1,65 Pel3 ¢ Qe97 1 0.09 ¢ 0.19 3 Qe22 1 0419
G 320,09 § 0,09 t wee ZeFT b =me 3 1BF 3 0,03 % 0009 ! eew I ovem
I ¢ 0s10 + 0,05 t 0,03 * 0,00 3 0:10 3 0,08 ¢ 0,038 % 0403 3 0,08 ' ovwee




s, Zozicological Reaunlist

Rosition
160=140 feot left of eenteXr - thefiacted
120 " w B " - Light casuwalty
100 n LI b - Pied 18 howrs
80 " LI 4 - " 4 "
€0 L L n - " 7T
40 - " A 4 - L4 4 L]
20 n LI n - ¥ 30 minutes
20 7 right " ¢ - " howr's
40 » W@ - " "
60 " n e n - % 17 ”
Romaixder - L » - Unnf foated.

- -

£, Songlusiongs

1. Projectile not woll thrown out of crater = small

gloud = 10 feet in eir = sticikirg close to grouwnd.

2o Ossuslties - 8 deaths GVor front 160 feet - same

ag with phosgons alonee
%  Pearststonoy =

20 minutes ofter £iring = not detected by men 20

feet right and 60 feet left of orstere
30 minmutes &f ter firing = not datocted by man

5 feot right and 156 feot left of oratere
2 howrs &f ter firing = no trace doteoted over

arntar.
4, obevrvations exclusive of snalytical results

do not show any evidenoad that puni¢e renders phosgoene moYe persistoent.




P Kuhn, qubtﬂr. MII, Ol&yton.
PeTe VIII = a358, Bols mn-@s.

8 Study o€ persistonoy and lethal aves ot
projectile £1llsd with phosgens &bsarbed in pumice stone.

be  Eathods

Livens prujectile about 9 1, Phosgene 195, 83)
fLired statioally in Pottom of Wenche 4 Fo, 8 Gotonator and 85 gum, .
TeEe %0 loozely paaxsd, were used in the do tana tor,

4nimele - 8 dogs, 20 feot intorvals each side

of Livens, -
Bxposwrs = 30 minutes,

Tims of Piring - November 8, 1918, 81004,

¢  Xsdoorolamicel Datag

Yeather - clasr

Pomperature of air ~ 42°,

Belstive Humldity - 96%

Baromatrio resding - 29,84 inches

¥ind velooity e less than 1 mile per bowr

%  Plold Reaultss
Eight somples were taken at 20 ft. intervals A=,
laft to right.

IR OT) i
80013 Sec-
5043 LS 5

;! b L ok
0,0 Oel2 113, 9

2373

n-.5 au»-.

Ke D1 \ar £ P Intaryal i
31 Mine—; 2 kin=y 5 Hine 16 ¥in=: D Hing X

A L0

*pelIk

t 064 2 0,38 ¢ 0,06 ¢ 0.10:Q00

389 12,6

a4 3 111.

B 1 Bel 3809 1 0,0 3 w= 31645 37,75 ¢ 3.38 ¢ 0,52 1 Ge8 3 0,23:0.1
Q 3 2842 ¢ 6,16 § 8,00 2 ledd 117.0 112,88 3 6.3 3 7.0 1 1.l $ 0e2340:21
D 2 370 3 7eB5 § =~ v 1442 13448 1144 § 6,63 t 885 13125.8 0JA7
B 1 2,685 = t 2e70 3 647 328.4 34644 165,5 $I0,0 188.0 358.0 10,17
P 1 0.25: aw 1 o t == 1 8«7 4§ B0 324 3 0aB2 1 0,46 1 0.780211
G 3 g.ll: i B 7= 3 2428 4 1,66 ¢ Q55 3 0,68 0,05 31 0,080045
Bt 00108 e 4 - L= g




Eoaition
160 feet wighi
uo v "
120 ¢ L
100 ¢ "
e L4
6 * n
40 "
QD *° n
20 ¥ lef%
40 n "
60 " =~ v
g0 "
w0 " "
iz n
40 ¢ "
160 o t

Lethis sroa =

AZtyr b =min.

10 "

15 L

flovd maved bask over trenoh.

Oloud vary thin and just percoptidles
to sight, ’

Cloud outside dispersed dut hoavy mist
resained in treneh 80 £¢. on ei ther
sido of projeatile..

Strong 5dor of rhosgena 200 £8 K. of
projeotile, 180 £¢. N.B. of projootile
tnbtesrable without mosks,

Baarable without mcaks on right (south)
w3 to the projsctile. On laft magks
ware requiredst O £'t,

Bo phoszone detestable in or out of
Lrench.

f. Zexicolomical Reaultas

Light casuaity
“ L

Sgvere ﬂ

Be

L

E IR S S - 3 I - 3L

3 3

Died 12 haurs
"
"
H#

&
&
2
aring exposure
n ;]
& .owrs .
auring exposwra
7 hours
5 ]
7 n
ars cagualty
L

.

100 fest to right of proje-tiley 12) feet to left.

Comperison with test of Uote 26 (with pumnice)

Temerature Octe 26 ~ B8VF,
iove 8 = 429F,, Somperature may sscount for votler clowd and laryer
lothal aroue

Iothal arca — Ucte R6ih with pumice, 1&0 feot

Hove 68th without

ros. Ly identicale

¢ 20 " 4 wind conditions

r———




le Cloud ro9sultirg from det.nation of ths Livors
érua £1lle6 with phosgene,is dsuscr and produces a larger lethal area, and
ig 23 persistent ss that in which phoagenc was sbaarbed £n punice.




10, Xukr, Risbter, Purrell, Olayton and Ogloabye
B.K. !X.X?-&Q, PeTe V11I-4393

foat of &rs ghall filied with phoggoese 804 pwaiGo.

& Qbiegh: T £ivd the consentration limits und
percistoncy of a clowd of vhosg-ne Tosultingy from firinz & Liveng pro-
jeotile loaded With plonzena snd puzice in a trenghe

h Y O
Pims » Dooember 3, 1918, 9110 A X,

Projeatile = Mark I Livens £1llad 5/4 full with
ploces of pumlge, size & graln &° whost. This required 6~7/8 1bs. or
8.5 litors phmes = To this Werc :ddsd phosgens 9,27 oc. (29.1 1bs.)
$9,08% nuro ~ alr Spose = 108 Yy voluwm. -

Poxition = Livans placod osteide Wench of old
trench systom :
RBooster ohavrga = 85 gute loosely paoicod A~le TeHoTo
Pagonautes = 48 tuseried.

Clout ~ Torown 10 £ in sirj sottled well.

Andnuls = 8 2378, 20 f9ot intervals on each side
ot prajoctile. (Total 16 dagsle

Saureles = 4 groups on each sida, B, 40, 60, 100
foct iatsrvals, Lt 3ad se,e Vo right aver poricd of 30 winutos.

o. JMataorologjcal Tmtas

Yor ther ~ alofly = cleared up 10 minutes alter shock.
t Wira vzlogity = % to ¢ miles per hour.
Tanarature of alr = inside trench = 7 Fe
o w " gutside M - B797,
Zatytive hwmddity - irsida ] - 55;5
W o - outside " - B5%
Rarametar . - : 20.8 inchos
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258 334 5 Qa R PAX... o ,!.4 L QA LOTINE. Mo, JRtAXYALL ;
ple b Sao~110 o080 Boo=1l Min=;2 Min=s3 Mip~s§ Hir-¢10 win=y1d Hing 0 Mim®

] $ ] (] ] IER T 3 L] ' s

At o008 5430 ¢ 4.20 ; 220 : L8731 003 W46 8 SO0 3 o001 .00 1,00
B ¢ 988113,10 1 5.T0 31 1.850 1 1.8 #8878 o0& 1 »40 3 e008 48R 3,00
g @ Fe85514.00 ¢t 579 ¢ 2.01 8 4,49 3 1.501 1,723 25 8 «08t ,L,06 1,00
Dt o071 4480 1 == 114,70 ; 7.95 t 2,088 1.90 1 06 ¢ 140t L08 1,0
B 1 B.901 4,3 t 8,858 t weee § moew i 008 L00 @ LanaanalliE | +008 L00 3,00
b 2 «008 00 & 006 ¥ 110 8 466 3 2008 00 ¢ 00 ¢t «00t .00 £, 00

.8 «00;s <00 o068 1 00 ¢ #0023 L0088 LU0 s LQO0 8 o001 <00 3,00
H.3 2008 400 8 w3 o068 00 ¢ 2008 400 ¢

mz qolos ignl Bg"lggi ta:

¥ doge kllled ovyr front of 140 fedt

f. Sonalusionas

1.

i\}

4.

Cloud 12 faot 1o #ir,
Wind shifted to fever left sids o el

CGzaualtien:

¥illcd = 7 fogs = 140 fo0 ¢ fron, 4U feet left,
100 foat lart of projectila.

Sevare ciednliles = 8

Light . -2

Apparently pwalae €0ds net lngreass persistency,

but csosey clowd t0 Zorszd more amoathly el with los? Waste of tha filled

actunrlly wsuds.

be

the oloud 8o high intu &ir.

Perriztantys

§ miratse uftzr rnot ~ heavy mist 20 feet right,

40 foot laft of srojostile.

15 minutys avter L.28%y = nat dotected 0 10 feot
risht, 50 foet 14l t.

29 miantes ot fisisr =~ ot dsteciel to b feot

yAemt o aTnter, 40 Tueet et of ovrators

%) minutes wrter firing - slignt odor fimiediately
ovar I uniele

45 minutes after firing - practicully no odor.

Purico prevents booster ehargo from asattering
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11, Richtor, Bwrrell, Clsyton.
8.4, KXI=78,

This roport contains & reswss snd sompsrison of
data given in B.M. XXXwé§ and B.K. XXXIXI-93, .

Conalusionss -

l, ZPhoggone abaor/.b_ed. in pumice doas not epposy
norg parsgistent than phoageno alons. ‘

&  lowexr initial end svarage ooncentration
obtainod with phosgens plus pumiocs &nd & toxio elowd of less extent
saoured.




18 G CPy 178, (g3nc!

Raport on firing trials of 8% (26 owte) Howitzer oagt
iron ghell oha ged phosgens Jane 13, 1918, - _ , : *

al: Obigots To determine tast 15, 6% howitzer sholl
should fall B0 ¥i8. wpwind ef evary 40 yds, of front.of target n
ordar %o produce satisfactary lethul effocts. Ono trial 2/ »ds,
uged,other 1/5 of nusber of ghells laid down in offiociel pamphiet,

be Mothods Artillery Detailg,

Raof ial o 2l -4 . - |
Ko. of &6n Ho‘.}huﬂed b4 2 é 6 8
Hsp ramge (yurds) 4000 4000 4050 4000 4050
Front emgaged " 40 40 50 40 40
Effective area . 40x50 40x50 50x80 40230 40x50 k
Rounis fired (ranges 3
not included) 1 b4 38 47 24
Rate of fire({B.7.) 1Bcsea. 15 860, 8 860, 3 sec. S sec.
™me to fire all -
rowmdg ¢y 7 min 2 min, 4o 860 3 min.l2 goc. 2 min,H 88C.
820
Uirection of fire eufilaie enfilade frontal froantal enfilsade
Ascursey of
Bhootin. 22004 2004 004 ——8Xxcellont .

2004
Plggrams of arrangement of animals, trenches and fall of sholls are given
ixn roport.




SN N

Hov o trigl 27
Dato Jime 19, Jdune 19, Oote 2, Oat 13, Oot, 16,
1918 -1918 . 1918 1918 1918
fino of day 8:40 £.x, 9im,P‘Q-Bo: 6145 Pols 4440 PeH, 8100 PN,
Barome ter (1110110', 23,50 29.50 - 29,90 % 29.47
Thermomater
{ary) op Ba. 87. 4. 47, 48,
Qround 03 &8, 4. 54, . 48 .,
¥ind direstion BN, By =%, B w(-toaay)w-w.sw W, -
Vind velooity (mpeh) 4 ] 4 s
Bainfall, anring
orperimont n) ri}) wl nil ni)
Rainfall during
Pevious 4 howrs o.18% O.18" A nil trage tr'ace
Sy overgagt ovorgast blug~ blue OYaroast
) alondy
Genaral aondi ons dull dull fine fine dull ana
threatany.
ing, no
fyushine
de Fleld pesulta;
1. Zri
Poan, Pire after Baight Bo/liter  yolme of Ligdae ri1]-
Beotion explosion of gbouvy Phospena air conw ing phosgens
disgram  g4rat sholl flow of taining 1 in ooe. per
By Sge, trench Vole phos~  ubio mpter
£t. in, gel& both of lample.
25 23r0 4 0 6,89 700 4.811
b -3 " 4 Q e 27 €00 2681
5 " 1 4] Be 79 700 4 742
1 2 4] 4 Y trose &aao ————
6 & (4] 4 0 tragce trace ——
9 2 3] 1 8 6,24 700 4. 3568
12 2 0 4 0 1.02 4400 Q.712
5 2 0 4 o 0.12 40000 0,084




go seantrat 101_1‘_

PO Time &L tor Hoighs ¥ge/liger Yoiwme of Liguid £1lle
Seotion explosion of  abuve Phosrerd  aly eom~ iree phosgens
diagram Zirst shell floor of : $aining 1 {n ces. per
treuch vols phom= gubla mtay
Hin, B5oo, £%. 1In, both  of smmple
— i a&j-&. P. -
b s
i8 2 0 4 ] 1.78 2600 l. 222
43 e o hd ¥ 26471 170 18,68
RS b L4 .4 L { % 58 8000 0.412
3 ] 50 “ L . 08 60000 0. 056
& " u g L4 ail —— —
¥ % " - B troao wace -—
V- " by i 4 0465 7000 0,454
13 k4 " 4 Q .78 8000 O 345
24 7 # 1 8 11.85 590 8.157
2 4 1Y) - 0 trace traoce ————
6 " - 1 [} # " —
8 4 b 4 0 n L4 —
a1 " " Ll » 080 5000 0. 529
b 1 ) " 1 e 0. 68 Y000 0,475
1y L] [ 4 0 0,91 5000 . 635
20 ¢ 14 1 8 0087 12000 0. 253
2 4 50 1 8 0.09 50000 0. 083
4 v " 4 0 0,09 60000 0,063
10 4 » " L trane trace ——
13 " n ¥ L) o3 15000 0s 217
18 " - O | @08 60000 0,056
18 ® e s " 019 25000 G 1353
19 4 i 4 Q D17 25000 0,119
22 " " 1 ] O 78 6000 Q. 831
4 " q 4 o0 8454 500 64968
2700 L) " 1 8 trace trace —
2800 " . 1 8 uil nil ———
2900 " : i 8. . 2 =
To szaartaln travel b _phogcena alond
Distanoo ¥go/11ter Volwme af air Remarss
from Phosgone otntaiping 1 vol.

phosgens both at

M e ———
0.04 loz')'oo ¥ithout Agl;!q‘ guard tube

500 yards
*
6500 0 i3] ; H "
Yyards :04 mgw vv}iglzom a 5 n
1000 yards nil trace Without " v [
nil " With " " "
I gar 1l 153 “Without ¥ — e
yarda a1 oo %1th L S




Posne

Noe

Seation
Disgran

Boight above Mg,/liter
fioar of
treuoh‘

Fnhosans

Bl T i L g PR SR o P

Ligquif 1114

olwua ef aly
containing 1 ing phomgens.
vols phosgens 1n oas, pox
both at qudla msigy

1l 1l 40 4% 0 e85 - 00 G 9429
5 L " 1 a 0.66 Y000 0.454
» L L 4 o G 73 6000 0, 510
11 4 " : § 8 1l.24 F100 0.0888
i3 " ® 4 0 0. 68 #000 0. 383
s " " 4 0 0,32 14000 0.224
a9 L4 » 4 0 0768 8000 0.831
o 4 " 4 Q 061 700 0.428
27 " 14 1 8 rzoe tra08 ——
§ 8 80 4 o nil ntl -
& " L 4 3] Loy 4600 $. 708
8 b L 4 0 ail - nil —
20 4 - ] L il ail ovangs
13 » 5 1 8 truse trags ——
s ® 8 4 4] " 8 R
m -'\' g " w 0. l‘, 25000 00 126
&2 " " ° y 0,49 9000 0o 342
87 " " r u 0. e 8000 G098
2 § ¢ " " 2,02 2£00 l.411
8 " " 1 8 0.87 8000 0, 538
9 " L] 4 (4] L05 4300 0,733
12 14 " " " 0 36 13000 0. 251
15 " ® 1 8 trase trace —
is 4 S 4 (¢] Q.13 85000 0,091
2 7 " 1 ] 0.13 36000 0,091
23 L] L} 4 Q 0.18 25000 0.125
% " L4 " " trace trace ——
4 7 20 " ¥ 0,09 50000 0,063
1 " n » u nil nit —
iz " b % 1 Cal4 36O CeG38
17 " b4 1 8 0.18 25000 0.126
peo) 4 " 4 s tracs truce ~—
25 ] # 1 8 0,18 30000 Gell2
5 " " 4 4] 0.08 60000 0,058
38 D C. " % 1 8 nil nil o
23 PG " " " " trose trace - o
S0 e ¢ " " " nil nil etnted

¢

i

»




o v X100 -
tGeneral Avarsge (1 H

zGeural Avorage ] [}

[ § g ; | ]
Semples and:Volm of @irilige/1e th0llThine sVoluwne of atridg./1i o111 ime

Sagnple Nod. spor yoluwns o1 nBuntz of cper velwne ofy thosts of

A S ek 20, |

} 3 ] ] 4 Co ] 3 -3
1 (1~4) s 90,000 30,049 3 nil s ~— ¢ 5,000 10.883; nil ¢ =~
z (&9 4,200 11080 s uil § == 6,500 10,6791 nil § «v=
g (10-19) s 8,000 10,552 3 nil 4 ming 16,000 802761 i1 «7 nin,
' ] ] 10 nsol s ¢ t20 sec.
¢ (20-26) 3 900 14,908 ¢ ' 260000 10,1661 nil ¢

Om of 170“-25.975 oge/1
not ircluded in zonersl

aYarpes aoncantratlond i

**3ince the later higher figures wore subscquently meirtained, they are in-
cluded in tho genorsl aversge concentrations

Dirsst hit 4in trisl 28 osused high local concenmtration and great mortality.
¥nem highey number, low oalibre shell (4.5 inclws) are replsced by smallor
gizaber of hizh galibre sheli (6 inches, hs variadbility of oomoentration is

groatly increassd.

2 Q:noenirations Fhoagana, 1
Posn. Tine after Mge/liter Volume of wir con~ Ligwd £ill4ng phos=
Nge on explosion . phosgena taining 1 vole phos~ gons in ecs. por cubla
Dlagr:m of first geus dboth st K.T.P. noter of gample.

ghall
Lt - ; i
-] b Oe 26 27090 0.182
¢ L 0,13 35000 0.091
11 o Oal4 000 0.098
15 » 0.9b 4800 0,683
19 " 0.09 000 0,063
1 1=2 0.583 $000 a70
. ool 550 oo

Z 1 o83 300 ou8y
ix l=2 0,08 60000 0,086

14 1-2 il Ml -

18 1=Z traoe traoe s—eon
18 1-2 0.1% 5000 0.091
2 -] 0,12 40000 0,064

8 " 0.9 - 12000 0.272

(7] ® Ue 14 30000 0.0908
10 ¢ trace wsaco ——

A8 " 0.22 20000 Ce 154
17 " 0,09 5000 0,085

* Pime only svproximate.
L al a. -




b

(4] L . R , .
Position Timo after Hoight ¥5./liter Volumo of air Ligwa t&lixé=
Eoe smea explbsion above Phozgene oamtaining 1  in ocs. por
diagran af first floor of : Yol phosgens .cubic meter of
in arigi- ghell trench both at sample.

;

19,63 £20 15,640

[ 1 55* & o0

12 " 55 LA 0e96 4700 0. 671
571 " " b R Oed6 9800 0.521
17 " " 4.0 0 7Y 6000 0,538
22 " . 1 8 0.98 4800 0.68¢
28 S " 4 0 0.47 10000 0. 528
2 2 45* 1 & 185,10 88 87, 360
] ] 45* 4 0 12,74 860 8,898
8 o 45 " L 6.08 ¥00 4.226
11 2 45. ) S 047 Y600 0.828
14 " * . & 0 G52 8700 0.363
16 L 48 4 0 2,36 1900 1.648
19 " " 4 o 14,43 510 10,080
a L n 4 o 10, 80 420 T 543
”n " " " " 1.27 8500 0. 887
1 ('3 0* L 23,14 200 16,150
10 " " [ I Qe 09 50000 0,063
13 14 " n " 012 40000 0,084
15 H " T 2 trace . trace -
s % 3 R 0,09 40000 0,063
20 L " T e 0,30 15000 0, 210
23 " v 4 0 1.96 2300 1,869
27 LY & 1 8 0, 20 £5000 0. 140
Do 29 8 Q 1 &8 0s 32 34000 0o 224
D 30 " » *oow 1,19 2800 0,831
4 Unicaovny . 1 e $e 30 700 4.599
6 " 4 0 22,72 200 15,870
¥ " N " " 47,18 96 32,960
9 " " 4 Be65 800 8.951
25 " 1 8 Osd3 9200 00242

*Thegs timos are wicertaln, owimg $0 sicll bursis in the tronch im this
ceizhborhoods
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m»n nplln‘«» 3 ﬁreet

esmple e,

3 18

(Res. of 165 Betts  $45 Sec. 0 ges.  toponed by
' s
: s

t - 3 Y T $ .3 s . t ' ]
i {1=-7) t230 19,2 3 6 1132.86¢ 200 £2.08 1700
1360 tABRR, . 2 3 3 $

1
2 (9=12) 14700 95 3700 16, 508 1600000, 08831800 3
b i _1960030,46 ¢ i 3

|

3

[ ]

S {13=1) $9800 RAG !8‘100!9.50?6%%&0.110&:
8600050, 7368150012, 524 1trados )
1 ] s 81044 M5 ¢500000.08833 ttronch
S R 3 3. 520110 604125000 0 29441 1

& (22=28 .wooso.ss 83600116236 32300 11472 192008 0,43

1 12000010, 1 53 3 1

* Yolumo of air per voluze phosgenas

11 hit closato

C.CePe 178,

{5) _Trigl {m,

Position Tims after Peight lg./liter Volmmw of air Liquta £illing
Ece Cen explosion  above phosgens eontaining 1 phoszena in ces.
Al asram of first ground volure of por oubiec moter
in original shall prosgens both  of swplae

7 16 ground  traco traoe ~

9 7] leved 342 13500 24 389

12 = n 0e 22 20000 0.247

4 &0 " troace trase —

8 1 7 " Ve &1 R0000 Qe 347

10 1 2} ® 0416 30000 0.112

i g 20 Iy 0. 08 50000 0,085

2 v " L] 0,08 50000 0,068

& " " v 0,08 $3000 0. 063

[ # " " trace trace ——

13 " a ¢ 0. 09 BIUCO 0.063

13 " n = 0. 08 6VUV0 0. 056

14 " 2 # trzes trace ——

15 # " " trace trace —

& trncan by racar % 0054 15000 0y 208

. 1= oy
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@ Zoxicologiond Datag

QAU ALP I ES

Position Vo, goats wsed  Doag in 48 Severe, Light, Class 0, Dead Severe included ¢
2 DAL

(No. of 28 27 58 28 27 %0 28 av 38 26 2 38 26 27 38 28 27 28

trial)

Trenmch 7 7 7 2 & 4 3 - 3 2 5 2 B8 0 87 m o g

Dugout 1 1 2 1 = 0 - - 1l - 1 1 00 o O 0 o 50

Opon a%

60 yaxrds B 4 - 0 = = 1 - - 3 2 - o6 0 - 20 o -

Open at :

75 yardg 4 3 - -~ . - - - - 3 2 - 0 o - 0 o -

Open ot

100 yords '3 3 - - = - - - b | 3 - O

O
]
‘. f

300 87 100 100 71 300

Trench 143 7 8 5 4 8 - b 3 - - 2 -

Dugout 1 1 21 1 1 -« e 7 - - 1 100 100 50 100 100 o |
Open o L '
BO yarfla 4 4 = 1 2 a 1 1 e 2 1 - 25 B0 ~ 5 7 a
Open a% : :

100 yprdg 2 3 - 3 1

Noe miines Rigs uaed

“rial No. 37 33
On ground

level 36 35
At 4 fonst 18 15
Total 54 Bl

o sy nem————




1. Jgroots of direot hit in sny position whers gas may
bo trapred, 6.ge, & trench, are very serxeds ' Very high and persistent thowgh
vory local eonoentrations of gas aro prodocseds

2. Tuo gersral sverage conosmiratiam of phosgene is of
toe order of 1/6000 o 1/10000, (0.885 t0'0.4418 mg./l.) mot incimding high
locsl eonsentrations. s c

& Tho cloud producad xay be axpeoted to travel to

0 yerds iz a concentratiou of 1/6000 te 1/10000 (0,882 = 0,4416 xg/1.)
00 * aw " " 1/30000 {0e1472 mg./1.)
500 L . * 1/100000. (0, 04415 mg./1.)

4. The throw farward of liquid spray s about 10 ywrds.

Be Variations in conoontrations greatly inoreasad by
replasing a lurge nmusbor of low coliltwe shell by a smail mzsbor of high
oalitre sholil.

6o The system of tzking samples in the open requires
eonsidersble extension ami elsboration, bafure relisble figwres can be
obtained,

- 28 -




13,  G..C.P. 221 (3770),
Repart oD firing trisls of Stoicea basd,

@  Ohfrot; %o amcertain highest cacentratiom of
gas obtainalle My firing 40 = 4" Stakes dombs fram one martar in 2 mimites,
an 20 yurd front. - o

b SR
Artillery dotailes

Time ~ Fovembar 1, 1917 « 2 5,10

4" C. 1. Danbs filled with phosgens.
2

¥o. Stokes worter = )

Burstiing churge = Powdsyr chambers head, inatsant~
acus fuse (9 insh) §8 ocoms dotomatar.

Provellart etarge = 1 biscuit

Pase $146 tark 1

RBenge @ 360 yards. Front ergaged 20 yurds.

Erfective area 20x%0 yerds = Roundg fired - 28

Lourds in effective areay 12 =~ Epte of firg = rasid

Tim: taken to fire all rownds 1 min, 45 86Ce =

Direation of firs = frontal

Amnunt tion = vory bad,

e. Jeteorologicsl Patag

Barometer - Z9.66 1inches
Thermomater, .dry bdulb 63.2%,
ws * 5340 P,
Srouond teaperature . 62, 5%,
Wind direstiom Se
: ¥ind velooity ¢~1/2 miles por hour
Sky Ovaresst
Reinfall il during exporiment

0,03 dwrirg previous
2 howrge




& Fielad Resultss
Observations on travel of phosgeme vepars,

130G yurds from trenchesg = paosgene eould be detsatad
by colarsd test paper. (mar 1imit o dstostiom),

i

Position Noe  Mug aftor burat  Heipnt 3%ave  Ng./liter Volumo o aip

(s00 &trcram of f£irst bemd floor of ocolitaining 1
in arigina} when samsle wag tronch gt Yoluzs of phos :
Troyart) taken, which ssmple €ens both gt i
c— _Hin. _ _fee. s taken oI5 PR

Pt.  Inchas , ! ;

*1s - 1 8 80,61 8 |
4 = 4 o 16,78 270

8 . " " 8e55 691 !

11 " k4 " Be 26 862 !

18 e L L 20,57 220 ‘

18 o b 8 5.26 81

20 t 4 o 2.5 1940

24 ] b & 0.17 26600

28 r 4 0 Wrace -

1 i 5 L » 9.45 473

s " " o 13.58 231

9 % “ " LS 1212 74

12 ¢ v e L 27.36 136

14 " . r e 84,55 54

18 L 2 4 0 45,28 88

bl . 1 " " 52,68 139

25 " o " b 0,08 56600

27 ? " 1 ] 0. 20 22600

1 1 B 'y v} 7.62 594

2 " " 1 8 7.57 &8

] n H 4 0 8,47 634

6 ¢ R " " 9.88 458

10 " H N ¥ Z1.23 213

iz " " 2 " Ou77 5880

24 " " 4 n 22,82 138

i7 " ¢ v ' $6e54 €8

22 n 5 u " £9.473 76

& ¢ " r 4 0. 20 22600

i 45 List boxb exploded

5 " " 4 0 5e49 825

4 " A h o §,00 503

10 n " .-.t » 15,62 290

12 4 v " 8 18, 74 232

15 e " L] # 25,48 178

5 " i 1 8 28, 80 sy

3




Positicn Ko Timo after burgt Helzat above ¥z2./11ter Valume of aly

(sce alagranm of first bosd floor o eontaining 1

in orf{;irzal when gamplo wag tronch at ¥Ycluam of phoe~

report) tsxen | : widca semple €ena both at
was takon, T P,

il Sac, Ft, vInnhes —ora——— P

19 1 45 4 o 23.3: 194

22 " . 1 8 49,22 92

= " 7 4 0 17.83 254

25 " ] 1 8 " 42, 80 108

7 . " 4 ° 0l 3 34800

22 (In \be opon)# y 1 8 {above  2.49 3040

- - ground)

8 5 0 1 8 0.19 23800

b7.3 - ”» " L] o'os 56600

8 8 ] i o 0. 08 56500

1 " a . " 0,16 28300

8 4 o by . 0. 52 14200

5 " v r . 0.24 18400

8 ] e " L) 0.08 56500

15 . " 2 " 0. 24 18900

29)In aneiver 1 K. i $ 0.15 28300

81) dugouts 1 45 above floor 67.14 67

RQ) 15 0 of dugout 15,55 334

5} 25 0 " 4,59 lo:

20 )In decp 1 45 " 5.58 811

*the boitle in this position opencad by avlinters rrom bomp which fell nsay

it dwrirg tha ramging,

v

P2zition o
&oata

Pargsntay dxnzrics

Doai Qozaal~

48 hrs. (lass Qisss  Se~ tine in~
A or B ¢ Yors cludings

In were: b 3 0 1 89 8 o¢r 7 rats,6 died
In dugout 1 1 0 G 100 100 1} ratg whlch died
Iz opan, at
8 yards o o 4 g 0 40 o g rats,l died
In opsn, at
100 yurds g 0 9 1 0 O Of 3 rsts.1 digd ,

1
(3]
$a

hd

-




Conclusisuss

Maximam cvmcesnirnelen 1,/04 {94,056 Lygd/1a )
Saven growtor tiza 1/10C  [45.78 r3e/le}

Phiroeu greater then 1/200(22.89 r3./1f)




14.  GeCuPe 107 (5i01)

Roport om firin trial of 4.5" hovwitzer cast iron
shall = filled with gphosgena. . .

8. Objects Io doteymine persistercy of phosgene
§n unisrgrotl = arse shollsd with 445 howliizerse

Ve Yotrods

-

Artillary D-talls.

To. of trisl = Ce Ge 32

Eoe shalls nsed - 4 ~ ‘05” bewitser

a3 Mo, af swll = C.b44

Chealoul filling ~ phosgenn

Bursting clurge = CeldC. (8)

Prapollant ® = 2nd NeC.m.

Purg -~ 106 I1l

31ind strell - O

¥up renge - 1789

Tirzet exeiged = (Nx40 yurls

Eounds £irné - frunges not izcluded) = €0
Rounds pm torpet = 34

B ne of Lire Befa S Sese.

Tiwn to fire for ull rounds 5 wine 45 sens
Divection of firs = froutal

Acoursey of thooting =« vory goode

Ty pimtes afior last shell exploded, 24 rats
snd B guirsz pigs wore plased in sholled arez. Culnea plgs romoved in
5 miwitas, rote in G2 minulete.

"

6. Lewernlocicsl Mutes

Tine July Tl, 1918 = 7:45 Pel «
Barase tew = 29475 inches
Tororatoy = Gry Mull - 68°Fe
woe 7 30K,
1N - 637,

Geprrit tooon

O
“4nd veloclyy

% wilos per hours direction Hsued=
oy = Cloudy

fgintiil ~ adt oring axposmye and previovs 24 hours.
Condttions = fuir

de Banoling
Yoi thor Ouservers mor sniale were cble to dateot
the pragense of phssgons.




fost mortem exuciration ¢f inimals slowed no signe of gussing.
It 18 reassnabls tn gssune thut; phosgeng  has no porsistency in undergrowthe

-9 -




15, C.0.P. 206. /295yp)

Expariments to detormine the varsistengy of lathal
€asos in dygout ~ Phosgens. .

Previous roports state tiat shell £11led with phosgans
exploded in open so thut, oloud passes owr trench eontaining dugout, 1ittle
€28 48 oollected in dugounte '

~ When shel}] wers exploded in trench, high conoentrutions
of phasgone are dound in dugout.

Description of Dugouts:

Tve dugouts comrunicating with trench by shafts 17 feet
epart; totul capacity of exch dugout (imoluding shaft) 1270 eabio feot;
floor 15 feet 6 inches below level of bottom of trench; floor 21 feet 6 inches
below gemoral groumd lewsl.

2" Tu.e Bombs £111sd with vhosgene,

Time of trisl = Saptorber 10, 1917 = 7:00 Pul.
8. Lethods |
Artillary Dotiilag

3 Teke borbs fulled with thosgane, fitted with
%6 camercinl elactricyl dotomators, arrunged near tremch os shovm in skstoh
in original roport.

Tire of bursting - 5§ secomis interv:l botseen 1
and 2) eommencing with bomb neurest trenche Pen seconde botween #2 and
Je Dugoaut entroncse fased down winde

be " % bR A)
Boroms tar - 29490 incles
Tasrmonoter = et buld 60%%,
Dry * 6leb OF,
Ground 5505 oFo
“ind Direction Zele

" Velseity - 2% milee per hour
Ky - Blue, cloudy
Raim11 - Hil doring expsriment,
002 inches durine previous
trenty =four hours.

w 95




Pogition

Time aftor
(800 sxetch explosion
in originsl of first
repart) shell

Hoight above
floor of -
trench o
dugout at

Ze/11tex

Yolune gir containirg
ono valume phosgens

\'ze. QONORKTR ATIOKNS

B (d&ugout) 40 b § 8 0,08 56600
55 ” " xu -
) 3 10 " L trace -
T 5 " " o -
3 40 u " F -
1 E6 " ] " -
2 10 % " " -
2 25 " " e -
¢ (dugout ) 40 4 Q ¥il. -
= ] L ” .
1 10 4 " " -
4 25 " r 4 -
1 40 " L4 ® -
1 55 " " 4 -
2 0 " " " -
2 25 " a " -
A (trensh) ® 1 8 18,56 P4
& bl " 18,49 245
40 L4 by .10 a1
45 by o 13. 73 330
& 4 2 12,80 T3
65 " " 8.70 529
1l 0 b d SeA 3400
1 5. n ” 4,46 1020

little or no phosgene from bumbs bwwrst in open, sinks {nto
deep dugout, aitaough the cloud of ghoszens psssing over the trench ghves

/

rise to high concentrations in trexnch widway detwesn the shafts.

1550 yords distance = unplezsant oder, strong tobaseo
Teagiion lasting geveral hours = no lachrymation = no rospirstor needad,




BARGGIGE EO. 1is 2" %, ¥, Bosbs Filled with Phosgone in
. tho Trensh.

ino of trisl = Sopteaver. 11, 1917 = 6120 Pl
e. Nashody »
Arsillary Detallas
2 bambs on floor of trench midway batwesn
2 ghafts of dugoute Time o ex»loding = 15 saconds intervals by means
of #8 eleotrical detomatore. Both bombs well opsned, dsmse cloud £illed

trench. Wind blowing on t0 entrances of dugouts. Oonditiocas very
fovorable to entranoce inte weatern shaft.

b. Mateorological Dalai

Bwromo tor - 39.83 inchen
Mermomter = wot buld - 83°F.
&y * - 65°%2,
In dugout - B4°F,
¥ind Direction - Roxrth
#* Vslooity - 4 miles potr
< hours
- Dull

Rainfall =~ ¥il dwring lst hour = then hesvy
ghover for soveral mdouted - traos
guring previeus twenty-four hours.

6. [Elald Resnlisi

. Samples c¢ollected in gentre of dugout height =
1 £t. & imshoes sabovrs rloor.




Time after —SC QO E O NP ALIQT G

4. Ubgervationn.

For & minutzs 25 ssconds efter Surst of bomb eoncen~
Iu 15 mieutes the concsntra=-

tration in duzout remnined at 1/50 to 1/50.

tion wos 1/100,  In ome hours 10 minutes the concentraticn wos 1/100C.

Yolume of air oontaining
" one volwe 02 phoagene

axplosion
ef first 8z, per liter
hamd Phoszone
Kle . foge « Joth st JiB:B
40 Y723 B9
58 $2.12 49
b3 10 87.22 52
1 25 83,83 54
1 40 82,10 58
1 55 85,21 B3
2 10 84,14 5
.8 25 82,54 &
3 b+ 78.21 58
4 28 72.16 63
30 0 58/ 8s
6 0 .20 135
20 0o - .72 143
4w 0 1z, 21 LT3
b3 0 26420 1738
% 0 T.0% 639
Hrs.. Min :
b } 10 Se48 1360
p 3 28 .85 3450
b &5 0.73 6200
2 25 0.64& 7070
2 85 0.48% 9240
£ 25 0. 26 17400

Eaxsistanay Obvaarvations

15 Secends Bxploslon of last bowb = ¥ory denso eloud in tronsiw

85 " ksximea concontration phosgere in dugout.

2 mimutes Deonse oloud = lirht from elsatris torgh Pt irates for 1 £¢,

40 nminutes Cloud in dugout ¥till Yery donag = concentration phosgens
1in 37l

88 minutes Tronch still smelt strongly of phosgew.

1 Hr, 10 min. Bti1l very merized ermsll of phosgene in twench naar westarn

gheft aof dugout.




e

1hr, &5 mn, Congentration of phiagasc in drgoot = 1 in M6, Rlectric
torch pongtratsz asross fivpeut. Irench praotically
frec fyon phoggens exoapt oooaaiaaauy poar extrsngs
to tae dugout.

2 hrs. 66 pdn. Cuacentratian af phosgsme 4n dugout = 1 11 9340, Ok
sorvar withost protectiom eould doscend to within 5 steps
of botlon of Gugoute

S hrs. 25 min, Consentration ¢f phosgone = 1 in 1M00. Unprotested
obsarvar walked throwgh duhout too mich phosgens present
for his to raxuin below.

4 nrs. 25 win, ngout cleamr uf plosgens.

& hra, 85 =in, rdy 2oint ouur of phosgens in dugout.
BETINR 10 Jada 4% C.I. 5tokes Bamh Fillsd Phosgsrne

in Treneh,
Time of trial - September 28, 1917 « 10300 il
a. Xethods
Artilicxy fatulles
£ Stozes bomb, 2 feet apart at bottom of trench
mldway between £ shefts of &goul, sXploded 50 eoconds iniarvals, Zxtrance

to dugonts faoced dirsotly dowm wind ~ samploz ¢olleoted in conter o
duayout 1 ft, 8 in, abdove fioaw,

b  Motoorolosdeal Rates
Bgr omy ter - Z9eS89 1inme
. Doermometer - weld Lulb - 5444°%,
dz‘y " - 55.8%
growad s0%%,
Wind dirgaetion Soutweat

7 milens ver howr

nhl dwing expos=—
we, trage during
Tevious 24 bowrs

" owolosivy
feinfall

e Pioid Poculia

Time af tsr S F CE I RLLRTONSE
nlosion Hge per liter Volums of air containming
of £irst bomd Phosges: Q¢ volums phosgene both at
Hr i A
30 17.38 261
45 52, 56 140
1 0 230 40 104




fims alter QO BOR N TEAXIOKS

exoluaimm M. par 1iter . Volume of ailr containi:g
of first bomb fhosgemn o _ o8 Yoiume pRUsgeng Loty
drae  Mloga . Se0n, e — NP ]
1 15 6175 &7
1 %0 Bl.52 88
2 Q . 6o.68 0
2 30 47,97 96
] 4] 42,11 94
'Y [+ 4155 o2
| 3 o 42.03 108
10 o XR.08 - 141
15 ] 23.24 204
20 0 il.88 =1
50 e 2.84 1500
1 e 0. T8 4040
1 50 Oe 32 14200
- 0 traca -
4 25 0,06 76500
1) 47 trace -
4.  Raarvations:
2 {atonoy CREaEYatiomey o |
30 Seconds Lust bomb explodasde Pool of liguid phoszens on flgor
of tronch,
1 ¥in, 30 sec. Macirzn concontration of phosgems (1 in 88) sttained
" 1n dugout.
2 ¥in, Hou liguid phoszenz L2€% on floor of tranch.
@ Hin, Sronsh dbatzenn antrances of gugout 2lsar of shoscens.
Satocted in tronsh just outside wostsrn suaft of dugout,
56 Nline Ehosiong s8111 issuing from western ghaft, lUnprovestad
obgerver to witiil: 5 steps bottom eastarn shaft =
énourntered strorg concartration of vhoagers.
1 hre 20 min. Thosgone still feirly strong in dugout and westorn
1l bre 50 min, syvalrway dovrerciir,
S ar. Tost spar elow renction in Qumontt - frint odor phoesgens
8till svough to b3 untenabla.
4 hr.e 25 min, Fhosgeue not dztected = zedd fuzes poticsabla.
& b, 47 iniv, Lugout and stzirway olear of visible cloud,




BXRRIVEHT NOe IV 4.5" C.l. Howitmsr Sholl {Msrk V)

Filled Phoszens in Trench.
Pimo of Trial - Oote 5, 1917 = s,oo oM.
'.. P £ .
Artillery Potallas

w0 howlitssr shells = in trensh midway botwoon entrance
to dugouty exploded separately, interval of 30 seconds betwoon; wind
blowing down trsnch across entrancss to dogout.

b Hatoorologicsl Datns

Baramoter - - Z¢T5 inches
" Thorzmomoter = wet bulb - Mu-r,
ary * - 46°2,
@'m - 4201.
¥ind direction - BoTa =W I, the
®  veloeity - 11 miles por hour
£y - By
Rainfall - . M1 durirg exposure = 0,24 inches
o awring previons 24 howrs,
S Rlold Resudtsg
Lomolen colisgted An conter duzout AL 8 dxe gbova f£loor,
Timo after CONOZM RRALIONS
explosion ¥g./11ter Volume of air containing
of firsgt phosgene ¢ue volume of phoszene
shall . both at E’To?o
& 8 kié& §Eg!
30 tracs -
45 S.51 822
1 0 12,08 375
1 1s 17. 20 Y
1 S0 16436 277
2 0 13,88 327
2 30 1390 526
S 0 14,48 313
4 0 13,00 48
5 0 G685 459
12 0 2084 1590
15 0 Ce 27 16800
20 Q 0,08 5630
=0 0 Jil -
1 23 i -

NZYE




a.m;aamﬁ.im‘

® Seconds Explosion of laat sbelle ’
1 Hin 35 Soce Meximea goncentration, of phosgens in dugout = 1 in 263,
5 Minntes Vory strorng smell of phosgona
15 Nfmtos in the treneh
28 Minules Pranch and entrances of axgout slear of phosgens.
60'Mirmutes Phopgene could only just be deteoted in dugout by
. - smell and test papere
1 Er, 20 ¥in. Pugbut clear of phosgeno = xot dotactad Ly smell er
tast papere
Goneral. Qbeexyskionust

i, High concentrutions of phoagano in deep dugouts not
expacted fxom ghell and bombs bursting nesr tha trenchs. Butstivg in
trench er on top & parapet may prod:ce high initial concentration.

2. Impossiblie t0 gtate time at which dugout will be clear
of ga3 ~ dopsnds on weather especially @ind velocity and ventilation of

angoute
8, ALl dugouts used in thess exparimants umprotecteds

- 108 =




18, OCoCePe 216« (3963}

Report on firing trizlscoef 4.5 howitser C.l. mark X shell
filleé with phosgens. o -~ ‘

s JEaothods

s

Satwrday, Harch 9, 1918, 5116 P.X.

Arsiliery Detallat

Poubey of 4.5 howitzer used. 2
Tyre of shell, G L. mark Xo

Kap range, 1780 yards.

¥ront engaged, 40 yurds.
Effective ares 40x30 yards.

Rounds fired, Bl.

In effective sres,42

Rate of fire, battery fire, 3 ssconds with pausa.
$4mo taksn to fire sll rounds, 6§ minntes 10 seconds.

Mesorolozicnl Datas

Barometer = 29,85 inches
gherzometar = dry bulb 43%.
wet % &OF,.
ground. 8%,
Wind direstion = South Basts
¥ind veloclity =~ & to ) miles par howr,

Sky = blue
RKainfsll = nil during exposure, Cr previons 34 howrs.

- 103 -~




oe JEiold liaclSal

Position  Mmo aftor Helght ¥g./L Concentrations ,
(seo ori~ explpsion above 1 Port in Liguid per eudlc
ginal) o tirst floor, . moter in oos.
gholl trensch ,
1 0 45 4 0 0,12 40000 - « 085
1 " " 18 0.823 $000 0,563
6 . @ 4 0 1,07 4200 0. 747
9 4 4 .« @ 1.04 4400 0. 728
h 7 8 " a ¥ nil - nild
171% L L 1 6 .08 60000 0. 056
18 v, % . © Qe 186 30000 0.112
£3 ¥ “ i 8 nil - ntl
.S " " 4 0 0.08 60000 0.056
[ 3 1 /4] 0o 0.19 25000 0.133
] hd e 1 & -pdl} i il
8 " " . " 0.556 8004 0.554
13 L] ) 4 9O 1,14 4009 Q, 196
15 » ¢ 1 63 Cedis 11000 0. 500
17 " " 4 O Q.71 6002 0.496
i9 L L4 = ® 1,90 2400 1,527
g2 0 % v 2 1.91 2400 1,334
2 z2 % g % 0,08 60000 0,056
11 0 n " 042 11900 Qe 283
= L b R 0. 59 12000 0. 272
16 ¢ ? 4 © 0vl5 30090 0.122
21 « " L 1,27 800 7.868
s 4 b L 0,08 80000 0, 086
4 " " 1 8 0.08 60000 0.056
7 -8 ” 4 O 0.18 25000 0. 126
10 ¥ " w 0.18 250000 0.126
10 ¢ " 1 6 0.09 $0Q00 0,663
15 " " 4 O 1.9% 2300 1.,3%6
18 " " w n traco - -
18 L . 1 8 le1b 54000 0. 6803
Ehol ter L ay . " ”n
dugont - above trage - -
edp avg " " frocy waso - -
out, &% - - of tho
20 Open= 2 0 dugout 27.81 1590 18,220
o by 1 8

‘-104-




—— ey

o . ] ] o - ; . I"i ) ) RV .m

¥

Inasmich as goat Noe 1 waa killed by & plinter and that
very high local eonsentratiome of phosgors was recorded at sampling posi=
pions 20 and 21, Lt geems probadle that an unobmerver shell mist have bosn
in this position of the trench towsrds middlis of period during which
samples wore taxen (4 minutos 35 secomds, ths trial lasted § minutes 10

sesonds ).
rcantrs K el : e - .‘J:l
franch 1Sampling 1 Mme afte commsnoement of £iring 1
R0t 2oy B 1% oecondxsy Min, 30 & 2 Kt o 3 s Bin
l ¢ 1~4 ¢0,1104 s 0,0738 3 0,0738 ] !
H 1. 0.4907 3 H 2. 0.07%6 i |
] t 1.05814 ¢ 00,1788 t 0.4014 s 0.)X768 ]
2 31 be1111.003 s nil t t 0.1768 3
3 3 1. 0. 852 ] 30,0888 2 |
t 1 ml t 1l.104 t 0,368 1 0.192 [}
S $12=1B 1 0,0736 t 00,4014 $ 0,1472 H fl
Fy 1 01472 1 Q.73 1 1 1
L 3 t 19 - 22 ¢ t l.84 & s trace 111.04*
1 3 1 1.84 3 3. la104 187, 60Q°% |
E 1 23=241 nt1 3 H s ]
) 1. 0.0736 i 3 1 1 ;

*Local high concontrations probably duo to burst of sholl in trench,

Ihaso firures pra poy indiented in table- 1

Trench Seetar Aworaze concentration Avoregs eouncguntrotion
for total pericd for whole trench, durin |
%otal period ]
i 0s 1766 ‘
2 O, 4814
3 0.558 0. 6793
% 18771

%

dccursnte prediction of deatis sna §3Vor: casuslties possiblb
from &nconsid ration of ¢ongontrations alono, when states as above,

de
Rapur aod erranzoment of goats in trench znd in opan
¥ % Ldg of ¢ 373 o ) G
PogitionsRo, ofs Cagualtios i Percentsazo 1Bomarks
] 1Dead tSevere tiignt j1dled ¢ Sevore
H 140 Ivmrst Olass talass ¢ t Class in-
] t tA or 3 ] s doluding

M‘ $ = - i x—*%gmm

Broner 3 8 1 31 £S5 st 2 s 14 3 57 tof B rats, 6 diod
In epen ! H H H H ] 3

atboyir 6 1 @ LI § 1 2 1 0 ¢ 20 36f 6 rats, £ dled
25 yards: 4 1 O 1O 3.8 1. 0_ 31 O :W
W0 " ¢ 3 3 0 3 0 131 3 s ¢ 1 QU 3 & rata, U dled

.5 -




Ome goat was killed by & splinter.

Observation on traved of phosgone = v
Qloud travsl Marth Wasts — odor persisted 1200 yards from

ttonches, limit of detsotion by odor or teat paper 200 ywrda.

e. CQamarisony

this trial (phosgeno 9) with phosgons experimant 2.
Phosgore R Phosgong 9

¥ind veloocity, miles per howr l=-3 =1
fTomperstmre = Wet bulbd °i'. 66456 40,
: Dry ® " b8, 4%,

Ground . o B8O, 38.
Acourscy of shooting - wory good excallent
Paroentage deaths 89 14
Percentage dejths and savere oasvale 100 57

ties
Average goncentration of phosgens  2.945 sg./l. 0.67% mg./l.
Bursting oharge X gramgtatryl 2 ox. amoke
’ pellet

Failure of trial dus to use of smokn pellet for oponing the
sholl, '

(7,7, 2. 107 ra70a)

\ - <., vy
(2) / Boport on firing trial of 4.5% Howitzer C.L Mark X
shell £11led phosgene (0 536 ). -

[ % Ea 3o
AP gL Dt
Time of trigl - Moy 18, 1918 = %:30 P. V.
\Hap Tange, ysrds - 1750
Front ergaged, yards = 40
‘Bfrective sres, yards = 40250
fonuds fired - 50
Round 8 in ofrective eres - 25
date of fiTe, Dede - 6 wec.

Timo ¢6 fire all rounds = 6 minutes 15 seconds

Firin; srial conducted in hrizht sunshine gug ground
tompel's Wy RESHer tian sir, @uuaitions usualiy oonsidsred umtsvorstle dus to
wward dissipation of the gas.

= 10§ =




Baromster | -
Tenperatm‘e. dry buid -
wet

ground ,
Yind dirgetion c
Velocity

Reintaly, dring sxperime
previcus 24 hourg . nil
Yesther -

6 Elald Reaultqy

Coneantraty

1Timg 3ftop tHoirnt sOcnoentratim

£9. 90 inchee

-71. ) °!'.
60, %2,

76, %,

&y .
8~ 7, woan §

blug

nt - nt3

fine, bright sunshing

miles per hour

4 phosgens £y

Position sLiguy
(seo ori- 1%Xplosion  sghoye Mg,/ 11ter 41 PArt tocss per cungge no ter,
&inal) $of 18t shalls treneh s t in 3
tMin, 38eq. $flom 1 t s
i 1. 1Pt tin. 4 1 3 —
s t t [} [} 1 )
1 I A t4 10 8,90 : 500 [ 6,217
3 L 1Y m,y2 t 150 de45
& LR T 1 18 11.74 ¢ 3% 8, 200
8 LN B B 4 190 nil i == —
10 8 1o Lo t " 1 g9 s 1200 2e 738
12 L ¥ 12 0,09 150000 0,083
16 1 " 4 0n st 1 18 t Qed5 110000 t 0, 314
18 bR LY sy, 0 : 0,09 150000 0.063
D AT B t " 1 2,16 t 2000 1.509
23 8 fag m LI P 0. 20 125000 0.140
25 LI T 1 18 , 0.17 125000 0,119
26 : " ;.0 4 (10 0,20 $ 25000 : 0. 140
1 t 1 3 g5 11 :8 0.17 825050 3 0.119
8 t ®* 4 ow t4 310 , Ce?4 ¢ 5000 Fl 0.8517
b t % 400w LA 2.47% t 1800 1. 725
8 S PR ¢t " 4 0.1 t 700, 0ud 26
10 N G oo 1 0,18 $ 360030 H] 0.091
b4 L S S 0.62 ! 7000 0e4 33
i4 $ Y 3 oon t1 ¢ , 0.19 1 2530 [ 0.133
16 t % o t 4 590 , 0.09 §850000 s 0.063
13 t ¥ 5 . 1" . ow t traes 3 3 —
23 LR A LI T 241 3 — H ——
23 LT T Yogn o, trace 2 ——— 3 —
27 $ 4 g0 ¢t et 0,08 160200 ] 0. 08¢
a1 L = t= 5 om3 3 —— F —
-~ ~

R A R e e P T TR il

SRPAGES T < K

= VP i
T

Tl AT RN ey sy
%5 Ty
Ny,




position ¢Timo arfter iHelight t _Concontrations s Liquid phosgens $n

(Se0 ari-sexplosion  sabove txge/le  t L part ; eocs. per cubic matar
ginal) t1of lst shellitrenchfloas - s 1n $
' s H ] ) g { s
&2 1 3 ¢ l2¢s &4 s O nil s - g -
4 3+ % ¢ ¥ 4 # 4 W, 16,01 ¢ 280 1l.B21
7 ¢ ¥ 5 " ¢ " 3 % 812 5 1500 3 2179
¢ 1 # ¢ P 3 08® 4 %3 tace § 2~~~ 3 —
1L s % s % 3 0 3 %3 mY g =— 3 -_——
B o+ " s " ! T ¢ %1 0,19 3 2500 0,138
17 3 % 3 % 54 " o % 0,87 3 BOOO 1 0. 608
19 t ¥ ¢ ¥ o3 % 3 0, 080 & 9000 t Qs 348
21 s " s " ¢ W g T3 .45 + 10000 ] 0, 8514
22 1 0% 3 ® ¢ 0w 4 w3 0,09 1 BO3OO 0.068
24 s * 3 ¥ 1 0w ¢ %3 0,08 160000 1 0,056
$H* ¢+ " g 8 3 ® 3 A pfl 1 = —
2 1+ & 1+ 8§ &t % ¢ Yy fraco 3 e~ s ——
4 ¢ ¥ g M g 00 4 84 98P 3 46 68,63
7 ¢+ % 31 T 320" 3 73 B.70 3 800 3 s 981
9 s " s ¥ 1 ) 31 8 J.66 ¢ 1200 ) 2.599
11 s % ¢ % ¢t 4 3 O 0,91 ¢ BOOO t 64635
13 : " 1 T g & ; H, 1.13 1 4000 2 0,789
16 ¢ % ¢ T 3 ¥ 3 ¥ 0,54 : 8000 13 0.877
17 ¢ " 14 7T 3 1 3 8§31 0,23 g 20000 s 0,161
20 ¢+ % 3 % 3 4 ¢ 0O g 017 & 26000 3 0.119
24 t v 1 %y v g "y Q.45 & 10000 ] 0.324
26 3+ " 3 % 3 1l 1 8¢ 0,27 s 17000 Q0.189
20%% ¢ ¥ 4 7 4 e j ey pil - 3 —
29%% 2 N 3 M 3 =~ we troce 3 2~ 3 —
¢ Swmples positions-30 and 31 ware takon 50 yards from trench, 1'8" above
ground,

2% Hamples positions £0 snd 29 ware tzcoen in duzouls, 1'8" zhove floar.
Sonorsl nvarsma eonoesntrotions, ;

Sectortsarpies Hose ¢ Jed.la gConcentration nct Remnrxs

: 2B 0% S it 1v Oeielisg g

S - ’

o

' ] ] 3
3 =5 : g und 9 tThe consentrntions not in=-
—_— 3 B = 12 3 2.NOBR g emmeee—- seivied 1n the goneral ware
S 1 13- 20 1. 028007 g swoe——e— tobtzired in olose proximity
4 1 2 =27 3 0,176 3t meme——— 130 anmd imusedistely after ths
3 1 1 tharat of direot ndta. |
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¢, Jaxicolopieal Bosmlter
Far diasrm showing pontions of enimels and sampling
bottles see original roports

by S . e !
Pogition s¥ow ofs___ Compaltias s . Forocnteses
sgoats ubad in tBefmratLight 1 De2d 1 GSovers ¢lass

plass 3 JI:&M pe dned t

e s N N T 3 1
Intrench ¢ 7 ¢ 1 + 8 ¢+ & 1 1&.3 57
Indogout 3 12 ¢ O t 1 3+ 0 3 0O ! 100
In open at“ ¢ s $ s ) s
60 ysrds s 8 s O s 0 ¢ & s O s o
At 75 yards s 2 8 O t 0 ¢+ 2 2 O ] 0
Ak 200 d ;1 2 2 O 3. O i 2 3 0 3 [4)
Position  3No. rats: Doed, sGsssedsFormals Ideadu{ deoad and grassd

' : 1 A L] 1

In treonch 8 ¥ I s+ 0 3 0 & 100 100
In gpon at (E I s % 1 1
50 yurds s 6 [ § T & & 1-1 201 80
At 75 yards 1 2 s 1 st 0 3 1 s 8O 60
v100 " s R .t A . 2. 0 ¢ 2 31 5Oy 5O

-

Obgarvations on travel ol phosgune Yapors.
Dotscted by observers HUO yards dovn wind - tracss 600 yards.

e. Bagmarkss

1, (GOsnoral trend of tie phosgens vapor was to rise
froz ground in its psssage to and over the trenchs Ubservers §90 yards
sWAY wers not wearlmy sasks, whelsas, 1n redsat trlals phosgore caused

lachrymatlon at 1750 yardse

2. Rosulits bettor than antisipated; .rats more
sansitive than goatsy oasusltics on gocts due to local hnigh soncendratioms
ol direct hitis.

38  Besulla show that bombardnsnt in sm'une might
be sucgessful soor tests noeded Lo conclusiorns,

« 193 =~




D e ﬁ,~ _ _w - Sl

16, (3991) ' 5 A
the gimul tgnsous firing of gas and H.E,
¥ X eholl Tilling phogzene, and 18 PeleR.QLF,

(3) =.C.2. 2

{s] BReport
shelle 1 = £.5" howit
gervico dote sholls

5
'Es

8. Shiloats To zece whather effaats produned by gas
£holl ore seriocusly isparsd by slrmitansous firing of Eo3, ebslle

be Jathads Iwo sq.mres 60 by 80 yaras, with eaged
guinea pigs at 10 yards intervals. ’

e« JMakaarological Yatas

Dato of Experiment - =1 2~18 §~-20-18
Time of day - 12180 Posa 6100 Podis
Barompter, inches 5. 70 $0.06
Bymparatire - wot b %, 50 45.6
ary *® 65 47
ground . 69 58
Wiod, directiom 55T . ¥
volocity, wiles por =7 4-7
howr
Rainfall, durimg experimont mil nil
previous 24 wouwrs xnil nil [
&  Tauicolosigal Fasullss |
H
ASaa diagrars, oryizinal reoortle , |
t No. 1X1llod 1 Sovore s@as-odaNoemsls ¥ 1% Killed,mevere ;
tanimelas $gaesvaltieat t tharnal soasualtiesn, ;
4 i 2 A | S 3 L. _gassad 2 ’
Phosgenc H H s ] 3 s t
oly. 1 40 32 8 3 4 s &L 2 1% 2 I8 3 &)
Phosgene ] t ] ] s H ]
iug Hede 8 44 5 2. 8 i2 $ 17 213 1 4 1 70 ;
Phosgene 3 H H H ] H 3
amly L. 48 J . ¥ 3 & 2 316 3 1Y ... .8 RS .3 &h
Phosgens t ¢ ] : t ] s
plog He, & 4 223 2 ) 3.8 31 I TR | 16 .
a  Marz

Comditious of first exjperimsnt = not sitogether
favoravle, gromnd tesporztur: higher tosn 21X tAuperatuwre, causing wwsrd
aonvegtion currente.

Conditions of socaomd exX erimont = ph sgena plus
high explougivs shoved moOre cssualitiss from zas tush phosiene only very
significant.

= 110 -




l, Xo éoubt that 18 par, m;y be used in ocom—
Junotion with 4.5" howitzer shell, filled with phangam, without diminigh-
ing the offect of .$ko phogzens.

2 Tr 18 pdr. Hale shell . my be fired round for
round witi the €.5" phosgene ghell, and eertainly {n the proportiom of 4
laEe shell 0 § phoozone shslle

- 111 -




17, C.0.7. 48. (4328)

: Sxperimants to determins concentration of gas produced
in trenches by tie oxploston of 67" tronch howitzers, cast iron, Harx I,
tomb £1lled with phosgene. - ‘ ~ .

&. Kothods
Artillary Patag
Boaing used - 6" T.H. aast irom isxx I.
Pilliing - 7hosgene (C 548)
Burstors - 0 grems Ophorite -
Igni tion - ¥o. 8 detonator sleeves, fllled R.7.G. &, for

clesirie ignfitian,

Bambo exploded at rests
fragwantation = Foll epaned.
Path of elofid =~ feavolied well over the treuch, and vislible wp

to %0 yards down wind.
W Xatawrolozical R3VAL

Youporsturs of tus air

ey wiib - 47°%,
vut - 44,5%,
Tas erninre of gromads 53°7.
¥ind velocktys & miles per howr
Direotion of winds Ei=NeB0
Sxys Blus ~ sloudy
Batxufalls Nil during experiment =
trase during previous
- 8 Lowrse
Westner's Fine
Baromgtrie Fressuratr L5946 Lnohas
Rius of Gsys 180 s.ie

e Field Rasal st

93 'iE“x "u" 5.;.. ,u..é g:"‘ i Q 1"; h"‘gﬁ if’ QEag 2 l 1". ]

Gsgo= Pomition  Time aftedr L IRY) i : ,

ple Ho. explosion g, /1iter  Voiuwae of slr coutaizing
o boabgy au ono volums pnosgene both

ghich samples 8t Kot oo

1l 1 4 Seoc. 211 2100
b 2 4 4,07 1100
] 3 4 4 2,58 1800
4 4 4_* 10,09 450 i




dxn trench

Sam- Pcaition Time arter  Beight above CORAQBEFRATIOQ B
ple Eoe explosion = floor of Hg./1itar  Volwms of air son~
Nce « body tranch at . ' $ntning ons volum
2t whioh which saun= R of phosgend.
soxplen pies were '
wars tekxan takenw o
8 1 0o 1o 4 s £3.32 190
6 2 1] 15 s A 16. 71 270
7 1 (4] b 2 6 19,72 230
] 1 s 0 b 8 24 1400
9 1 o 45 ) % L ] Lo Sk 3700
20 1 1 o i g 0,82 7300
a1 1 1 15 1 ] 0.3 13000
iz 1 1 » 1 8 0.12 40000
s 2 0 b Y] 4 6 11,19 400
14 2 0 15 8 6 18.66 240
15 2 0 20 4 8 8.38 500
16 4 0 &0 a 6 1.9 B400
17 2 o 45 1 8 0. 72 6000
18 Z 5§ 0 1 8 0.45 10000
19 2 1 15 k3 & 0. 43 12000
20 2 1 L. ¢ 1 8 0.08 60000
&L 3 4] i 4 s 10. 27 440
22 4 0 i 3 6 21.18 20
23 s ] 23 2 6 6,58 700
b S o % 1 5 1,07 - BR00
25 3 0 45 1 8 0.18 2000
25 3 b 3 2] 1 8 traas .
27 3 1 15 1 e ntl e
<8 E: 1 0 1 8 trace -
29 4 ] 1 4 6 19,89 230
0 4 0 15 8 6 12,15 450
a 4 9 20 2 6 787 690
& 4 0 % 1 6 l.76 2600
s 4 2 45 1 8 0. 20 16000
3 4 1 ¢ 1 ) 0, 23 20200
k53 & 1 15 1 g 0.18 30000
b % 1 be! 1 8 0.40 11000
e7




Jn umond ' —e ]

\

Voluze of air

Baxr Position Tme arser  iuight above S i
ple I0e expigsion Lluar of L'g.?liter E
Xo. of bombe tranah at o containing one
at whichk wided garpien R Y*1wss passpgons
smlos wary taxen Y both at N.%. P,
Eara ;e‘rl-.-.*
87 sentor 1 0 b} 8 0 09 50000
38 of duge R 0  § 8 G B 15000
» cus 8 0 Yy 8 2201 - 1800 .
40 4 0 1 4 Q.61 7000
41 6 o] ¥ 8 Q.80 6000
42 * 8 Q 1l 3 eid 10000
43 1 ¢ z 8 Qe 63 5000
44 40 Q i F il e
a. ey~ el ] .
Lhosrvaticns Ar Przovt,

A wilto cloud posstretad $C the foot of the eustern shaft
$u £0 sooixds fter the ¢xlosiem €2 tha dosbs, amd to tho foot of she
wostern shxt¥ ix 50 x900uds; phosgsne wes datacted st the eontar of the
dugout in %% goconds in auowst sw'ficient to megessitate weurinz a reapira=
T, LT ALY @720 t3 A an 11tensd Datwe Wel's provused whon ths oyes
Wore exposed at &, 6 And 14 wimutes sfter zatos 4% 25 mimtes after gero
e 0dor ¢f hosgomg WS (2%355%iblo in Ve remsh, and phosgous vaper ia
f2irly strons coucorntotiins was ercoumtared melf-wyy dowz the osstern and
resiorn shaf4s vhon e 250t Tus catareds 44 685 mimmiss 3TLSY zals
phosgons wee Juct datoctable by emsli in tho cagout, dut no digcomfort was

eoinad by tho tuozihori.

Qo swonlaes on tue e of tho parnget {Vos. 1-4)
vere eviosntly toar belfove s domneset oy of the elsud sed vosohed
the no03ltions,

Ip tires minvtes phosgonc wns present iz tho dugout
in fairiy nigh concemtration. From $hat tiag untll &fter 10 minutes
thers wos a falrly high concentratien of hosgene movins bockwards and for—
wards ovor the sangling posi Lion ip, ghp countar of the dugont.




Y

B E-‘?J ]

&  Mothods One 6~inch 2.4, tast fron Nark I boubs,
£1ll=a vith phosgene, (0.548), wss exploded at the bottom of & trench,

&nd samples of the atmosplore were golloeted‘

b Hatsorolomigel Dat:y

¥ind velootty

6 to 6 miles per howr

¥ind direotion - Se~HoH. T
Temparature of airs
Dry bwld - 50°F,
wt " - 45°F.
Romperature of grounds - 68°7,
Rpinfall = Bl dwing experiment and previons
£4 bhours
Soathar - fing
Bsrometrie pressure - 29.69 inshos
Time of day - 10150 A.K,
¢ X2l Bazmuliss
4dn \rench : - i
Barple FPosition Pimo a'ter  Holgut above .G 05 G & & LRATIOES {
Ko, ¥o. explosion f1s0r of Mg /liter  Volume of air
of bomds at  tronsh st containing ong
which game which samples ¥olwng phosgene
pl 8 wers wors taken both &t X, 2.P.

1 R1 0 15 1 8 10,61 430
2 Rl "o 20 ¢ o 18,34 250
B R o 60 i 8 11,09 410
4 Rl 0 85 4 0 3,09 1500
B R2 0 25 1 e 1,69 2400
6 Rz ) £0 4 0 4.96 800
7 R2 1 10 1 8 Dhetd 1%0
8 R2 1 15 4 o 5.41 840
g R3 0 20 1 8 13. 75 330
b T4) R3 ) 20 4 0 6.05 900
1 R3 0 45 1 8 33,22 140
12 RS 0 45 4 0 752 600
13 R3 a 0 1 8 210 1700
14 B3 2 0 4 0 1.57 2900

i
!
3
§
i




Sample Position Time aft:r

Yoo

Ko.

Hoight above
explosion floor of

¥z./liter

Volum> of air

of bombs treuch at contuining ons
at whieh which sarples volwaa phosgens
saxples were taken both at E.T.P.
'
b5 3 R4 o 5B 3 8 18.87 330
15 B4 o b5 4 0 4499 200
17 p:T 8 4 - B8 1 8 18.81 240
18 B4 0 55 & 0 13.27 340
18 h 4 § 0 15 1 8 .21 £000
20 A & 1+ -0/ 4 0 243 1900
pa} il 0 80 1 8 49,46 92
22 il 0 56 4 0 22,59 200
23 L2 0 .3 p & 8 1,92 2400
24 -] 0 40 4 0 1,08 4200
25 Lz 1 10 3 8 41. 50 110
25 Lz 1 18 4 o 10,75 420
27 L3 0 20 1 8 .12 54
28 L3 0 20 4 0 Bl 79 140
2 L3 ¢] 45 1 8 23.18 200
X L3 0 45 4 0 £7.T1 160
4 L3 2 0 1 8 .87 1200
82 Le 2 0 -3 0 8. 28 1400
33 14 4] S0 1 8 51.9 140
4 14 0 - ¢ 4 0 17.43 260
a5 iA b 3 10 1 8 6.02 800
%6 4 i 10 4 0 9.23 8§00
In dont .
Sarple Position Time atrter Helght sbove O ReZR i .
Ho. X0 explosion  floor of Kze/liter Volwuse of air
of bombs trench at contsininy onz
at wkioh whiah sengles volume phosgone
samples were tiZen Both at Hele e
Xore toXen
i, 800s . Fo2% . Joodeg
9 1 0 1 8 25,72 170
40 59 e b3 0 1 8 22454 200
43 tor 3 0 1 8 20,14 <20
&2 of b 0 1 8 26 78 270
43 dn%- 10 0 1 8 8es81 500
44 out 15 O 1 8 5,49 800
45 30 & 0 1 8 2692 1600
Hese Elna
46 £20% See. 1 0 1 8 0.68 7000
i conter 1 58 %. 8 8:?% g%ggg
23 L of 2 0 1 3 0,09
0 dugoul 8 0 1 e 1 -
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& Eiald Roanltss

The bomb opened well and a good volume of eloud was
thrown up and out of tho tronel. The asotusl bay in which the bamd Was
explodad was clzer of visibls elout im 75 seoonds, but visible Vapars
wore still present in two adjolning bays at 2 minutos.  The bay on the
exstorn gido wae not clger of mist until $ minutes af tar the explosion

of the bomb,

A devas cloud of phosgens imaediately penetrated down
both the eastorn ard westorn shafts; Lt was fmpossible to see across
thoe dugout owing to the opacity ef the eloud. At 80 minutes after gero
a oloud of considarable opasity wes still present in the dugowmt. A%
S0 mimutes after sero it was Just becomlng .ossible 1o see aoross the dugout,
gl toovgh fimes werc still prosent i1 the bottom of bot: shaftse At 120
minuted &FteT faro phosgone Vapars wore dotected on raaching the fourth
atep down eaoh shaft of the dugout and visidle fumos were 1) in the
dugouts At 180 minutes af ter zerc the dugout was £12¢ from phosgoens,
but trasces of hydroshloric acid were datsclade

e. Homarkxa:

The concontrations reported show a travel of vapor of
phosgena ir high concentratien along tho trench on both sides of tias
btay in which the bomb wss explodade ™o nighast eonsentrationzs ware
3/92 5t jouition 11 at 60 seconds and 1/64 st position 1S at 20 seconds
af tor 20X Oe At cme minuto after zoro phoszene vas presont in the dugout
in concentrstions /180, and at the end of X minutes the cancentraiiom
had failen to 1/1889, At 2 hours 1/50000 phosgone Was presente

- Y -




18, CeCoPe B16. (40°1)

Beport on ?iring Trial of 4.6¢ Hozitser C.I. Merk K
Suell, Pllled £hoszrbo. - .

s  Kathods N |
Plme of trisls Mewch 1y, 1918 at 5:45 P.i.
" Actlllery Detallar

Mare rapid firing with higher wind veloclty
than upual.

% Tapgo 1TB0 ywdg = Pront engaged 40 yards.

Effective area 40 x X yards - Rounds fired 69

(¢ ranzes).

Rounds in effactive area 8 - Bate o« fire B.F.

2 seconds,
Tihao token $o fire oll rounds 2 minutes 13 gaconds.

be  Eotacroleaical Dotgd

Baromotor - 23,99 inchos

Tiermomaters dry buld  47°%,
wat * 4597,

Wined ~ Hels = H.EeB. vslooity &6 milaz per howr

Sxy - blae

Ratnrall - Fone du:ing exgusiors nor 4n proviows
24 loursg.

& Zizlo Besulisy

.

%4000 yards fron trenchas southwest of battery =
surong odor, turned tast puper, LLrEast ciztance stTer obssrved to trzvel
at Parton. 3,000 yerds (boyond woods) - not dotecteds

Pogition Timo af:cr Hslgat stove ¥, /13tcr  Volums of  Yolume of
(s8¢ ata~ turst of 2lcox of 4raench air contain= licuid f1ll=
gran in first shnll at whiich sample imzivolumo 1rg §n cos.
@iginal when samplo was tszon of phosgene per ocuble
report was taksn s at XIP moter

= Asan? T = )
5 15 4 0 5.01 $00 B.498
10 " b " 0,11 40000 0.077
10 " 1 8 trace - -
15 4 4 0 nil - nil
19 J 1 8 a1l - pil




pe

Fosition Time after  Holgnt ¥g./1iter Volupe of efr Volumo of
{seo diz- burst cf eheve: contedning 1 liguid filling
grem in girst shell  flier '~ volume of phos~ in ocs. per
originsl  wher saspl: of ' . gone both et  oubic meter.
rosart) was token trench v ’ S RT.P.
at shich : « S
Kin, 500 sarnle o L
was $akel n CL

19 15 4 0 aoe - e
= .- u 8 0e52 8700 0, %638
27 L " d 283 1600 1,978
2 " i 8 L035 €400 0.719
& 45 4 o 0,68 Y000 0.476
8 hd i 8 8.12 40000 0,084
9 " 4 0 0408 60000 0,056
14 » " " 0, 30 15000 0, 210
16 4 1 8 064 000 0,447
18 4 4 0 2,65 1700 1,850
23 Q " " 20 26 2000 1.679
P 4 14 1 8 5«02 153 19.92
26 " 4 ] 0.87 7000 0.468
2 1 & o " .22 | X700 0,852
? " o now 0.46 10030 0.321
s ” " 1 4 Qe 20 25000 0,140
14 " " 3 8 G. 92 4300 0,643
17 hd " 4 0 0 78 6000 0545
22 4 b " ” C.17 25900 G.,119
1 1 5o " 2 traca - -
6 " " L " 11931 $000 0. %6
1 L4 ” " ¢ 0.35 18000 0. 244
12 " 4 1 8 0, 25 17000 0.189
5 iy " 4 ) 119 ¥4 Z59C0 00119
5 " s v " ' £5 bitelors) 0,384
2 " 4 l 8 ¢ 95 483G 0,668
24 " h & 0 1,6% 3000 1,069
29 " " o bl 0ol 409000 0. 084
20 sholter" Ly 2 8 Qe 40000 0.004

Gugout -
X deep " " sbove 0,08 60000 04056
dugout . . Tloor

2 ghel ter” " of augaut ril - -
s thissmown 1 8 078 €00 0.845
[ " o " lel9 = 2300 QB3
24 " " o 1,29 3500 0.901
28 s 4 0 11,74 386 84200
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gon originsl re 00t

In tremh
In dugout

In cpen 8t
50 yerds
In open &t
™ yards
In opon &t
100 yaras

de

s

Fall of shell and n:angemnt of snimils in diagroms,

©O w © ©0°©

Bovere Light Doad
Qass Class '
AorB ¢

b 4 ]
"] 0
0 $
b Y 1
0 )}

» 120 =

o B o co

Bovere  Bemarks
casual~ '
ties in

eluding

g N

of T rats O dlod.

1 rat vhich survk=
ed B

of 6 rats O died

of 4 Tats 0 died

08003

of 5 rets 0 died




18 Coure m8, (oac

Repart on firirg trig) of 25" nowitzer cags irom
ghell fillod wig, piosgens, -

&  HNothedy

Rowndg in of feotive areg 27.
" " " " fram Farge table 25,
Rats of Lire =-B.Fs 5. s0candg
me tarxen to fire all rounds ~ ¢ Einutes ED seconds
Dreetion or fire - trontay
Aoouracy of firg = ¥ery good
How howitrar used -~ 2
Tyve of sholl - C.l, with 1one UETTCw exploder tube
Bargting eharge = 21 gramg trotyl
Propellant 1s¢, ohg, = ballists iy
Fame = 44 Mapie 111 x &
Biind shell = 2 & 3 ricoanst

b, dateorclosical prte,

Baromatey - 23,98 fncheg

TOTRNOY T = wot Bulb - g, 5%,
@®y " o 5g%,
grownd - 509,

¥ind directian ~ Betwaen Souty Yost ang South, South

Vegt,
" Yolocity e -5 mles par how
Sky = blug
Rainfall - il during exnosmrs gnd previous o4 hourg
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Pogition Timo aftor &

mozbar burgt of floor of ¥g./l1iter  Volums of gir

500 Orie firat shell trench at Phosgens sontaining ong

€lnal wien s*mple  whigh BsEple : : ‘ Yolume phossong

ropart was taren was taxon  Soh &t N.g.p.

']

4 2 0 4 1] 4.45 log0 '

8 " -3 o ” w.za m

] L4 L b 8 28,98 158

10 4 " 4 (¢] Q.48 9430

2 - » u 1 8 Toebd 600

1 " " 4 4] b.02 - 902

2 '3 141 " i le24 865Q

] " “ L4 " 6.02 58

12 * " b4 L4 266 1700

15 Ly 14 1 8 8.09 14%0

15 ". kid ¢ ¢ 1.4 o4 )

b 3 4 P-4 L " Q.89 8560

1 " ® 5 § 8 Cad9 20

3 » " 4 0 068 6660

4 " " 1 e 084 7070

3 b " i b 1,97 2300

é » " 4 0 1.92 R360

7 " ¥ " . 8. 27 548

n i " u " 1.56 2900

13 " " " " 7473 586

15 " " 4 " 3.4 127

17 o " n " 0, 36 12600

Az " . )] 8 041 11000
Bottlas st 8 ang 9 chewdny /224 and 1/186 ware opened soon

eftor shell bursg oloee by,

A m Q‘.; —ond G-} Ay 4

Aprimal

e

used 48 howg Severae (laug Slight Deaa " Cagualties fne

~ o B cind ,

= ' ;

m
9

Rat

ko,

9

Dead

a

Clasz ©

89
100

100




{a}] Sevore casualty () probably die 54 days aftar

- bombardment.
(b} Bevere cesualty (B) ou
period, ’

(e) Light caswalty (0) out of astiem faor shart period.

t of astiom for comsidarsble

Of the 26 dend animslg, twvanty-two died within 14 bours
aftor the trial, Of tho 2 goate as easualties (A} weuld protably
have died in ancthor 24~48 hows. Since 75% of goats snd 1003 of rats
expoged in openy §0 yards beyond the line ¢f treneh wore xilled, it
follows that the lethal travel of cloud of rhosgone liberated from
4.5% Q. L shall must bo at least 80 yards and provsbly over 100 ysrds,




2. Yw.2. 26, (67T )

-

Report on firing trial of 4,5% C.l, Hark X

howitgar £1l11ad phosgone. ‘ -
8 Qhiset: To tegt lethal qualitios of phosgena.
b Motnogs | '

Pme; Jamary 4y, 1918 = 343 p.%

Artillors Datas

Ho. of experiment = § '

Eamder of rounds fired - 58 ¥z range,1750 yards
Front ergsged,4d ysrds Rfrective ares A0x30 yaras
Eos of rounds in effeotive area,36

Rate of tire B.X. ,6 seconds ore] firing 9 minute;
Hoe 0f rounds in effactive sros frem rarge table, 84
Eo. howitzer nsad, 2

Twe =  Col. Mk, X

"C* numbor - 0 476

Bursting ehg, € - 10 (a)

fropallamt chg, = 24 Balltgtite

Fugag - #106

Biird ghell -~ ¢

¢.  Motegralosigcal Dage;

Boerometer - .14 tncheg
Tomporatures wet b:1d - 31,80,
ey " = 32,608,

gromd. = 80,50,

W¥ind direction = Yast South West w Bouth Wegs
® wveleity - 7~4 miles per hour
Sy = Cloudy
Aoinfsll = pil @Ting exposurs oy previous 24 hours

Ge Ejn!ﬁ S{mﬂ‘:”ﬂi

1, Cvservations onm tavel of phosgare wazpor, - ¢

Direction of arirg givon by voans of sems %.s,
shell fired at besimdng and end of s100t givae nedn drift 8lightly nortn
of east,

Phosgene datootod by odor and paper 1600yards
md 1800 yards from trenghas, idzit of dotoection by odor and pPaper =
2250 yarfs f£:om trenclics,

- 124 =




g ' Zoney i
Pozition Timo after Hoizht above: QA RTR ATION
pumber Yurst of floor trench Ece/liter Volume of sir
{scc dlo- first ghsll at whioch gam= containinz 1 vole
gram in when sample ple was tcken moe of phosgene
Origin-'ll was taken i D both at 3.T.P.
in, 86Gs ¥t. Inches o ’
[ S S0 4 [+ I nil, -
10 " " " " 1.15 4000
14 v L " 4 1,58 8000 !
b5 $ " 1 8 le94 2500
1y u v 4 0 Oe 5 30000
Z1 e " " " 0,45 10000
2 ” " i -] 0.88 5000
27 " 4 4 0 0.68 8000
8 4 40 " n 9,10 600
3 4 45 " jd 0.35 13000
4 v " 2 8 2.59 1800
9 " " 4 o 12,81 350
13 " " " " 4.87 950
17 " " b3 8 47,49 95
20 N " ¢ 10 081 15000
o " v " " 0.68 6500
%5 " v 1 8 350 1300
7 6 [ 4 (4] 0e 20 23000
8 " " 1 8 3,20 120
12 " " " L 1.45 8000
16 " k 4 Q Je 36 8500
19 " " " " 27,35 170
24 " " " " 0469 6500
=9 " " * " 065 7000
2 " " 1 8 0077 6000
1 8 0 4 0 0,68 7000
2 " " 1 8 Os: 2 7000
10 " " L o Our~ 7500
11 " " ¢ o} Oulz 38000
» . N " " 2429 2530
12 " " " " 0e61 7500
;-'-2 '_‘ n 1 8 n.gz 400
&2 " " 4 0 0467 5000
& ; " 1 8 Oe 22 2100
©0 l;) 11 4 0 0.45 10000
D Shzlter " 1 8 gbove 8417 550
duzout N floor ofdupe
& Deop " " out 2,85 2500
dugout -
32 Sicltoy L " 0042 11000
dusont, . '

Seg dispren in orizinsl resort fer locaticn of erdma}

- .0_25 -

0
=
-
[
o
Q
&
.
£,
o
g
[4]
.




.. -‘mmmmmlu

— s¥
Position Hos af - REITNGR . Remarks
goats Dead in Severe Light Doad Severe
Used 48 hours Class  Class - . casual=
Aaor B e - tles in
cluding
. E&dm-—__..-*‘
Intronck [ S S 0 ) 100 Of 7 rats 6 aseq
In augout 1 1 0 0 100 100 1 rat died
In o.en at
50 yards & 0o* 0 ] 0 0 Og 8 rats o d.iod'
in open at _
75 yards 3 0 0 1 0 0 "4 1w
In open at N > N
100 ynrds 2 o 0 0 0 o "& mo w
In opon at - - -
o - - - - - i b hid 0 hid
ess Liguree exclude those antmalg wileh were wounded ig sheil fire, .
*Dilagram shows goats §10 in the ‘80 yard as deaq vithin 48 hours, Tho
aimc]l died melnly as result of gaptie inflammation of the logs = §tg lungs
war: clesssed C,
S®Notes Ruta were prodably used gs coztrols in tugge tosts,
Hoe of Exserimont 1 2 3 4
DQ'tO A{R‘il 25. Sﬁ‘pto 24. 00". 14. Jﬁn‘ 4.
1517 1817 191% 1918
Time of d&y 8 Poiig 5849&& 4150 Palig &30 Poliq
KOs of 4.5 hovi tzop 2 2 2 2
Rawpg in Jyords 175 1750 1750 2750
Frontg engazed, yardg 20 30 30 40
Ihzavor o roungs &5 33 ¥4 58
Darstion of Eirizy 4 1in.0 Sco, 4 {ine3) Ssc. & 2in, 9 min,
2% ST} Valooit,, miips 2er hour 6-1) I=3 O=1 T=s
Tamucratie U0, vot buip 45 5645 43.5 BleD
Dry » 49,7 58 4440 e 5
Groung - 50 8545 30, 5
Fareoontase of &9tts 4in troscey
Kilieg 24 82 100 50
Kitlod gna
savero crsunlty - 100 100 100




Rewiof Exporimont . 1 2 ] 4

Porcontage of goats in dngout s
killed - o 10 100

Killed and severs
caguzlty o - 100 100 100 )
ts &n open at 50 yards
- &% opnllod w - 75 0 0
Killed and savare
gagualty = —1%0 9 9

f. Qeperzl Conclusions:

le Rigid eonclusions regerding efrect of low temporature
impossible from comparing trial $6 with 2 ard & because of other factors
Which largely influence ths results.

2. Porcent of decths in relation to temerature,

In trench « 63 in trisl 2 same ordor s in 3¢

0 yords - gentor 1n trisd 2 slthowch tomparature
10° hizher thsn in trial S,

In trench = t#i21 3 doudle trial 6§ when te:peratwre
vas 10° lower,

Se  VWind velocity as a factor,

Percent deatns showld huve greatest in trizl 3,
less in triei 2y least in trial 6,
(a) 1In trench = arder os expected loss in izl 2,
least in trizl 6,
(b) Inopern = greatest in trial 2 - accountec fur by
§os bedir; Blovly esrriasa ovey tag
annels = ny arirvie,

e o 13 o
4t torperatures ostwosn 320 and 58°%, shell 2iilod witn
Phoszone czn bo used wit:, £00d efrgots In winds W to 7 milos nov howr &nd

et moximem effact will b cxerted in winds of vory low veloeity and also
dsfinite dircection,

~ 127 =
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R e R -

zl. C. C‘.P. 74.

Rgport on the correlation of tug phyesiological and chemical
data obtained in 8 artillery ficld exsorimental trialg with phosgene,

& lgthods
Ordinzry fire trench usad. s

Xhyziol ~gicad Data:

@oots were used and rasults tabulated as followss

Deaths (include ali arimals killed durinz shoot),
Soverv ossusltios,
Lizst casualtioes,.

Sromiced Datas (Material tabulsted and 80mo Observa-~
tions on samg ),

Tims of exhosmre = total time ocoupiea by shoot,

persistency of phoszene Vory slight,

Cancentration = goneral average - @« Ce, anproximate

goncentrztion of gas existins for the totzl period

oY ths 8100t in taat particulor portion of tho trench

wiere on animal was exoseds

Principles considared =

le EHumbor of samles takon durings shoot = 80=50,
opened in several Series, 4-5,durin: shoot,

Tiro or tirins - dapendant on Jucgenent of of ficer

in caarge szrples from gll Lsrts of t.ench} €ineral averapo of these
wmsatisractory dus o even distribution of 55 12 treuch,

e  Found thgt trovirses of tresneh from nutmrgl sactong,
concantrition of £&8 unifors thrswhout sector,

G UVrmiccessiry to aiseri.dnsto batroen szmles ¢
fle an:i 1 7't, 8 in, above tiae tre-ch floor,

4o Conzcatration omitied im.odi -tely after ghaljl
urst eccidontly witidn touch = rsise 1.:01 conceutrstion te:m;orarily
above gonsrs] aversso, :

S«  Results o ficla tests £omd to eheqrn very well

3 3, e =i ew - AR aa,
Vit Qlhoabiay ez erimangs,
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[}
] 8.2
Rofarerce sCOP 2463 100 2755100 t O0® s oop t

o® o ‘o

1 : 3 8 3670 3 3370 3 5303 8 4021 ¢ 4262 34262,

Example of Gesel. ealoulation = concentration as volwm of air
containing 1 volume of phosgens. (chsuged to mg./1, )

Hamber 3 ghbot. Shell 1Totad

Sactor (mmbers Timo after zero at which semples hersts tpymg of

of sampling yeroe togen 1 in sghoot

positions fn ¢ 3'20" 4 4t 45% 4 etgn 4 gt ttronch

e S ST S : ,
$ 3 0eB397 2 Qw1920 3 046308 1

1 (1-8) s nil ¢ 2,45%3 * s 11(25,8%6
1 1. 8. 82> F) 1. 026308 3 : |
t le104 112,617 § o472 3 041162 ¢ :

2 (9=16) 5 1e471 s 4,6434* 0e3329 ¢ 045838 11({46.068 % ggn
L L 266 % i 3 B.508 g ] A !
8 041472 t Q02544 t ‘¢t GaZl03 3 s

& (17 23) & 0.4416 : « 2 0.5858 11(25,9%4 )
t 0.83832 3 ] t 0.8832 t
) 4 2 $ 11,0400 3 s )
8 048332 3 06793 § 0e6703 1 0.4416 3 ]

4 (B -29) $ 83969 ¢t 0,6308 3 3 ¥
3 z 1 Oa 752 F ] 3 |
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2ble 2 Correlntiny phy. stolordenl and ahemioal dnt? for 8 phosgone artillery shoota, Conoontrating in
Mallitors

TP 3 g Yeotor corr ontw Lion s9ha11 bnrste: Aotual Ccasunlties, sectors
fx’mnt 1 2.1 b :

o l—r i nyeps e e oz s a A L . 1 . L o R W |
1 14'.3()“11.91,’)3.).6 0 t,’ ”'}4: 3 IX(2000727) 3D 3 ' 2D t 3
3 8 3 1 1 3 12(278) ¢ 3 1.1 3.0, 1 '
3800 15,15439,000 1 a0y 3 : _ni) 1 3D 1. 3D 3D s %
2 t 3 t 1 1 1X(3648(1) t " s 1
3 190" 11,92 $X2,76 :?11.84!1.077 s 3(46.5(?) t 1> t 1D s 1 8.06 t 2 3.0.
1 1 3 ) 1 1 1.(25.4(3) ¢ 1 1 3 1
4 :6'10":0.1'/’?:0 402 ;o. «3:)&.158:0.0756:1(("6.9) 2 1T ¢ 1 g,.0, + 1D s 1D )
2 3 3 22{11404) t LAISY 201 9,Ca 3 1 9.0. 8
5] YANE ;1.1()430 0. loz().t‘x 513 0eD013 11X(27,8) s B LY t 2 L&y 3 134 2 1 3.Ce 3
1 1 $ ) 3 3 % 1 L1 145U 3 3
6 :11'(1’30.'10‘,x“105 3'J.‘)’,:’:O.UG'3 80055 1nil 1 1D s 2D s 1D t 1 S.Ce 33 L2V
3 3 3 U g 3 1 1 L. 3 1,
7 353'40‘]0.14722.10& 32.4\!/‘580911.78 :0.981 tnil E 1 BQCQ s R D 8 2 n 3 1 SGCQ 11 3000
2 % 1 1 3 : s 1 1 1.1 3.Cq 1 |
8 23000 30411080,920 12¢ 411,262 lX(lB.%(R} 1 2 X4) st 1D $ 8 U0, t 1 JeO, .
3 I | s [ 3 12(21403(4) ¢ 1.1 JeCs 3 4 ) :

J=shodl buyaty Dembicide killad Gurdng 8ho0tg Jelle=sovere samunltyy Léll=lisht ctsunlties ond -animals not Raum,
ete Uomacatretions enloul-ted by method 1. ,

froupdsns vosults from o 1eri onta e
I Minly 4 othoy 92k gome sovoro casualties, bhut ng light casunlties or unaf feoted,

II Itinly sovero cesurltios tosother vith o fow durthe on tho one hand, and some light ocasu~lties or unaffootu e
on tha othor hand,

IIT itindy Ught ensw Jtiag snd wnfested, with somo sevore oasualties but no @d.othe,

Swomary of rogults by srouns -

troup Dovethe Sovers easunalties Light onmunlties,or u.nfrectod
1 26 8 0
1X 4 6 2
Iux 0 4 12




Toble 2 ae G dead ted By wmethod 2. In 1vca/ 1

Tineofahe _stelor conecntrtion 1dholl '] t s 109, 80c¢tors '
shoots H tbursgta in ]
., et b B S el D atronch g 1 2 g t
1 Av30M 124944 1 3463 ! 3,154 J 8(2040727)2))% 3D 130D s {
o : : 3 ' : $ 2(27.8) 8 ' t1 3.Cq ! s ’
2 24V 3364397 2 DeU1R 3 BL,10A g 1 1 nil 1. 3 R 1 30 t3D 1 [l
s 3 : 2 ' ' 1(3648(1)) s s 3 t 3
3 190" 214167 3 3.154 g 1338 311,003 1 a3(i6.5(2)) s 1D ¥1D $ 1 53,0612 3.0, 3
1 ) 3 ) 1 % 3 (28.4(3)) 1 ' 1 % 1 i
4 3610 30,147 1 0,400 3 04736 3lel94 s s (2649) 8 1IU 31 3,3 1l0D 11D 3
: i 3 3 s $ 12(11,0484)) ¢ 12 LAY 3 ) 35,0
B g2v1BY 314472 3 04315 3 04589 304589 P s1(27.8(4)) s 2 I8 323 L&~ 1 1 SeCell JeCe §
1 3 {] 3 3 3 3 3 1 3 1 150 4 3
;] s LU0 136397 3 14040 3 04491 30,059 104063 3 nil t 1D 2 D 11D 11 8.Ca 33 180
% 1 1 i ) 3 1 3 1 3 3 .
T sRYADY 3le786 1 1760 3 LeBRS 124760 10,960 nl t 1 34Ce 323D $ 2D 11 3,0« 81 S4Co
] 3 X | i 1 t 3 s 3.1 3+Catb 3
B8 32'B0Y 106831 3 04030 3 24208 11,162 [ s (16.8612)) ¢+ 2 180 31D 2 2 54Cotl JuCe 8
1 s ' : : § 12(21,02(4}) 3 11 JeCq ¢ 1 3

Jele ihzibers In hrocits Lroe aectorsnumbers.

ICU=1itt cami2ties o onlmals not gasseds

Sumasry of rrsults, grouped,

Lirhs camviltien end unaffeated
0 o

D=animals killed during shooty 3.Ce=s8evero capunltiess

Group Dontha Sevore coguilties
I 21 7
11 8 B 2
111 1 é 12

Seo plotted rosults =

gonclusionge

1.

2o

e

Clozse concordence betveen chemical and phyniologiloal datas

Indicative of relinhbility of mcthods=fiold exneriments in pgreoment with chomber experimentse
Mothed of onloculnting Ge' «Ce reliable, method 1 more Accwurates

.
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# = goro time taken from buwrst of first shelle
* « Indicates direct hit in sector of trench at timo gtated.

Goneral avsitage conocentration for pnriod of shoot ealculated and stated
for sagh gackaor, :
Sector Goieile Shall burstn ‘not - Dtal time

1 1.920 ¢ :s.alee ng./l. .
2 2,760 464484 - ‘
s 1,640 25,9764 gron
4 1.077 - R -

-, -

s Y ] s : s t s
Calibre 4eS"  84.5" tdeb" 6" 145™ 345" 14,57 t4.5"
Data 18opte2410cts 14 tIme 4, 3Jan. 12,8 Mor, 9slore 153Ko@ed,t4pr,s

$ 1917 21917 ¢ 1918 8 1918 ¢ 1918 : 1918 113918 81918
Reference 16C.Ps $GO0.Pe 80 CePo 8UCls $CCoPe 3G TePa 31CCuPe3C S, P
: I M6E s 27 3 6 $ 3370 8 8993 & 4021 4262 ¢ 4262

Dated 10cte 2,8¥0ve 11 3dam, 3, $dane 0,sMar, 4,t4pr, 6,8fiay 2,2Apr, 8,
$ 1817 s 1917 2 1918 3 1918 $ 1918 t 1918 ¢ 1918 s 1918
File Ko, $XLII,293XLI1 84 s$X1II,44 $XLII1,41 sXLII,63:XLII,543 s

Shell type sCls 1CG 1. $Co 1o 8Ce 10 10 Ie 1Ce Lo 161, tis Lo
8 Mo V osMice X 9Mr, X oty X sMm, X g, X siCe, X sl X
Burster 821 dre 8 CoLeCo 8 YoI.Ce 3C(D) tl amokkesC I, G $C.I.C.¢CI.Ce
ttrotyl ¢+ (a) 3 (a) tpellet ¢ (a) ¢ (a) 3 (a)
o rounds 4 88 ¢+ 82 ¢ 88 s 22 t b1 ¢ 69 160 3 .50
Front yjurds s 30 s 30 3 40 t 40 t 40 3 40 140 31
[mo taken 14" 14t0% 19'Qn $11°0"  36'10" 3 2018 2140n 42050

Bange yards 31750. 31750 s 1750 $ 4000 $ 1750 ¢ 1250 s .1750s 1750
Pomperature® 3 ' 3 : s t t
wet bulb 30,5 143.5 8 31.5 s 37 8 40 33 45 t 439 22
dary 855 144 t 32,5 1t 3 $ 43 1 47 t 54 ¢ 45
oroung $E0 1Xe5 1 305 B 8 38 3 45 3 50 1 42
Winl velocitysl=; 30=1 g 7=4 3 T=a t B=1 3 6=8 ¢ 4 3 5=G
Coiditions tclecr  shumid  geloudy o cloudy sbluc sggbive g3l cudyieloudy
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22,  CeCePe -2'16/ (C.Wec ®Js

Report on firinmg trial of €.6" cast irdn Rovitzer shell

£1lled with phosgenas L

A

I

&,. Mathods

b.

Timp = Octobor 1¢, 1917 = 4350 P,
Artillerys

Mzp range = 1750 yards = Front engagsd 30 yards
Effective area 50x80 yards - Rounds fired 42
Bounds in effective area 27

" " b * from range table 29
Rate of fire = tattory-fire % seconds
Tiue taken te firoe ell rounds - 4 mnutes

Meteorolocior] Potag

Baromoter = 29,46 inchss
Thormomo tor, wet buld = 43, 5%7,
ary " = 44,0%,
gromd = %.6°F,
¥ind = Narth,North Bss t~Narth,Korth Veat
velocity O=1 miles per hour with period of
couzlote calm.
Sxy = Bluc,cloudy
Eainfgll = nil.during experimantzl, 0,01 inches during
provious 24 hours,




’\

¢ Rleld Resultes

Jetected 1200 yards South Bast of trenghea by ador and pepar,
o " "

» 400 " .. Horth ® ' w® m m i

Position e after  Hoight above ——Copcontrations = - .
Number burst of floor of C Mge/liter Volum of sir
(sec ori- tirst shell trench at phoszone . containins omo
ginel re- when sampie which gome volumo of phose »
port wog taken ple weza taken gons both at

Jiine Scce Ft. Inches B 7,0, |
6 1 0 4 4] 4.12 1100
& " " 1 8 8,08 896
9 " " 4 (o] 4.48 826
12 n " " " 4469 965
18 " ” v e Ce 24 18900
4 2 Q 8 n e 27 &9
8 " v " %, 13.16 344
10 i " " " 10.59 428
u v " e 4 6.06 147
13 " " ky by b.74 189
14 " n 1 8 trace ~
17 b " 4 0 l.22 3740
2 2 50 " " 2o SO 1870
4 b " " '~' l.65 2740
7 N " " " Se92 765
¥ o . 1 8 22,01 206
4 " " 4 0 10.76 420
16 " L " " trace -
1 4 45 " " 0,08 56600
1 " " 1 8 4450 4010
3 " o 4 0 1.77 2560
6 " v n ner degh 1070
15 " " ? M 4o 25 1070
13 " " " n Ee 26 548
&0 duoout " v i € cuove traca -

fl.or of
dugont

a ¢ " " 1 8 " 30.48 149

~ 13 -
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4. Ioxicolomical Regultas
Arrarcement of amimols ehown in dlagram - geo original repart,

i

Position KMo, —Casualties 2 Bomariks
Goats wed Dsad Sovere Light Dead Severe
in ‘class  Class casualties !
46 Irs. A or B [ including
. dsathy i
In trench 9 9 0 0 100 100 Of § rats 9 diea
In dugout 1 1 0 0 100 100 Ono rat died
In ozen gt
8 yurds 4 0 0 8 Of b rats 5 died
In open at
100 yards 3 0 o 2 0 0 Of 8 rats none diead

0f tho 10 desad animals, 9 died within 16 howrs and tho othor
soon afterwsrds, Greator humidity of atmisphors may cause docom)osition
of phosgers, so that the sphere of lethal travel iz reetricted,

©e  Bouorkgs

Concentrztion hisher than in CCePo 263, Thg figure
1/149 in duzout at 3 rdrutes=ds socomds is highest yot recordoed.




phosgensee.

23«  CeCePs 108,

Report on firins tridl of 6" C,I, howitgzer sholl filled

-

as Mothods , ’
Time = Baturday, July 27, 1918 = 6305 Pl

»
Artillery etailas :

Ro, 6" howitger used =2

Type Colo MO Ho. of shell Co 589
Bursting charge C (b)s propsllant charge 2d. H.C.T.

Fwse 106 III, Blird shell = O

Hap range (yords) 4000 = target engaged 40x40. ,

Kounds fired (exclusive of rarmgas) 2 = rate of fire B.F. 35sec/
Time token to fire all rounds 4 minutes 20 seconds -

80CUrasy very goods

e Motporologiogl Patgs

Boromoter = 29,75 inches
Trsrmozeter, dry bylb = 53°%F,.
wet " = 56%,
ground - 54°F,
Wind = Vartable, érift to doad calm,
m = Oworcaste.
R:infall = nile during esperimont = 0,04 in. dwring prow
vious 24 hows,
Gonoral Condi tlons = v:ory favorzble, mm;gy and misty after
warm aftcrnoon = grass very damp from previous
rain,

Ca £i213 xegulteg  ancjoticnl fi-rTeg,

Sampla

Dos ription

Fhosroue calcoulated froa fxug phoszeny valwg
o hlovine Le per Volwwe of air
Eoe Eie/liter volumes of air  liter containdns 1
contoininy 1 volume of phos=
voluwue <f phos- goude
EIe3 tsT :

Samples oponed 1 0e 25 130090 0el3 35000

mar g usr
15 mintutes eft
end of ghoot

or
0,19 25000 0,13 33000 ;

;J:mpies ouerned
60 yords from
tarede

eﬁ"zw_ur aftor
end of shoot

0e04: JRIDIY)

0.04 100000

0.04 109000

04 04 131000 i

P AN ine




Gulnoa pigs ~ ane pig on every 8 squaro yards in aeriu

in csges 4 foet abovs grownd level.

for 20 minutes.

Kumber sxpossd = 49  Kumber killed 49, Peroent xilled = 100
Regult dus to blankoting otrect of phosgena.

&Zavel of vapori
l. 0 'yards = from target - naecessary to wear magks .
B,  Artiliery trenches - 150 yerds south. '

20 goats and 20 rats in position,
14 rats died, 5 goats light casualties.

S  Ford van comtaiming 54 guirea pigs (Killed = 4
(Gessed =~ 27
200 yards fram target - 10 min,
860 " (third partion) ~ 30 min,
lethsl eoncentration phosgene 40 min,
exposure, being 2/50,000,
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€38 produced in the %en by t:3 explosion of 4, 5n Rowitrerg gast iron

8holl f41led with Phosgens, : -

8 Rhjacts

To doterring Soxcentration of Phosgene gt varying distances

from point or shell bursy,

b Dime of a1,

Iy 0, 1918 « 7415 p.y,

°'W

Baromte.r - 8.85 um‘
Thermometer = @ry buld =- ?O:F.
wet @ - 68 F.
¥ind direction = South South Begt
" ®locity - 15¢ 6XpOosuUrg =~ miles per hour
anad L] - ] " "

8Ky = blug S - . -
Rainfal) - nil, daring exposure o Previous 24 hourg

Yeather = fing

mmggzw Mo It 1 8hsll exploded a2t rest in opon,

)
~

a,
point of burst, ucned.tately &fter explosion émArged and tgox Sample from Jots

reast high - 18 yards from point burstin. shell,

A visible elowd was £ormaq Which movgg quickly dovm wind,
Doubtfuy Whethar eny otnep thcn firgt 8auinlas woys toxen 4n mayy cloud gs

Ting velocity wag Tather nisnor,

—_— b Flgld Hezudts e .
Ubserver Saiple  Timg after : : L% .
Ko. Xo, explosion © Epe/1itoy Volumg o &ir cone
uiisfell a; DPAoszene tainine oBs Yolumg
Walch sanle ¢t phosce both
¥23 totcen at E’.’i‘?ﬁ.m i
dporoximitely § seg, 0, 34 13000 B
" 7 n 0. 38 12000
9 0¢ 32 14000 ;

2464 1700
100

2
0,08 60588




It is oonsidared that conscentration shown by 4 and 7
sre ropresentatica of mein cloude . »

a. JMathgds 8 shkells in 1line at-intgrvala of 1 yard
in open anc exploded simmltaneously.

Observer Sample Distanoe Time of

¥g./1itar

Yolume of air oon—

" Number Humber from point explosion
of burst ' of shell at phosgene taining one volwe
of shell ° which sample of phosgens both

yords was token at H.T.P.

1 16 yards Approximately b 0,08 €0000

1 2 e " ? %67 1200
-3 " " 92 0,97 4700 1

43 ” " 5 1.69 2700

1la 9 " ® 7 1.28 B30

) " kol 9 1,60 2890

7 " b B 4,60 1000

> 8 n " v 2,66 1700

8 o o 9 2086 1600

10 25 8 11 1,04 4400

2 1 " L 1s 0.95 4800

I - S 2 AD. Qu T2 $Q00

13 v y 11 1,31 3600

Zs U ” ] 13 1.2 3700

P L.} " * 16 0,861 5000

15 v 2 n 5.9 1200

4] 17 " v 13 .54 2300
18 " " 15 0,68 7000 3

19 =0 @ 25 2.49 1800

S 20 " " 27 2.16 2100
21 " n x0 1. 66 2700 2

22 2 N 2 2453 1800

Se 23 ° kS 27 1.43 3200

24 " " BO . 1e26 600

25 * o 25 1,60 2300

3 &6 " " a7 1.48 X100

&1 s k4 p-8) 1043 _3200

?




4% RBemeris:

EMminating sazpla No. 1 which was obviously out of
the oclound, o :
Senoral Avirags Sqnoontration ;
Distance GedaCo Highast Concontratian
15 yards 1/19c0 "Re 824 wge /1 /1000  4.415 2. /1,
2B n 1/3400 l,2985 * /1200 568
6 /2500 l.766 *

1/1600 2,683
¢ fumary of Reaultas
I. Where onc 4.5" howi

tzor ecast from = goncentratiom 1/2000 at 15 yaxds,
2,208 zg./14 - .

I, Vhere thres 4.5" howitzer 8zst ir

on = cancontration /1000, 1/1200,
1800, ate., aistancs 15, 26, 60 yards, %4415, 8,68 and 2,453 nge /1,
General average congcentration -

1/1%0, 1/3400, 1/2500, 2,328,
142988 and 1,766 ge/le




Be  GCP. 26, [1395) -

: t On experimonts with C.I, 4,5% howitgey sboll
Marx I, f£111ea phosgens, i : o

SABET 5q g
&  lethoas

Bmo of fiRing = Apri1 25, 1917 - 110 P, X,

SRY D |
10 ehells f1tted with 18 electrig fuses, 2 rows - ope
10 yards, 2na 11 yards from trengh shells, 2 yards &part in each row,

No. 1 ratled to exploda, .

b, Eatoorological patas
Baromoter - 30,20 inghos
Thermomo tar = wat bulp @ 45,537,
" =B51,57r,
¥ind direotiom @ Borth Ragt
" velocity « 6 miles per howr
Bky = clear, blus
Rainfall - Ni3 during expersment oy during provioung twonty
th'lo ‘

Posttion
Number L Qopgentra
(see orie- ¥5./11t0r Volume of air containing
ginal aig- e volume phosgene both at
2 - = TV — s
1 024 ‘18%00
2 11,31 . 400
3 16,97 67
4 20,84 . 217
5 Battle brawen by siellsplinters,
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—_—m—————m

Position fime aftor BHaight above , -
Bumber explosion bottom of Mg./liter = Volume of air eontainy

(see ori= of siell trench at ing one volums phosgene
ginal which sample both at K. &P,
report was Raoken c

um’ _.;:. _¥ S 4 L e . . ‘
p | o 4 6 trace -
1 15 3 ] " &
1 20 2 é 4 &
1l 0 1 é » -
1 45 1 8 0,08 55600
1 1 ] 1 8 0,08 66600
b 1 156 LA b . trage ' -
1 1 50 o " __ﬂl. - t
2 10 4 3 @, % 723
4 15 S ] 2. 94 1540
2 20 2 [ 1,55 2920
2 Foo) 1 6 0.90 : 5030
2 45 1 8 oA 14600
2 1 0 1 8 0.91 4980
2 1 15 . " 0v28 16200
2 —t %0 = o 0, 36 12600 ,
] 10 4 6 16,83 - 269
3 15 3 6 18.20 249
3 20 2 [ 11.40 .4 g
3 &0 1 6 6437 711
S 45 1 8 0, 32 1200
3 1 o “ " 0.47 9630
—& ? S ) ! i 0024 _ 18300
4 10 4 é 11,16 406
4 20 2 6 12,73 56
4 0 1 6 .= 400
4 45 1 8 7410 638
4 1 0 " " 0.75 6040
4 1 15 " " 0, 31 14600
4 2 = - 0427 16800
b 10 4 6 587 1170
5 15 3 6 6,22 " 728
5 20 2 (3 4,58 938
5 30 1 6 15,33 295
6 45 1 8 &7 949
5 1 1) o n 1.25 %20
b 1 15 L] 1y 0,88 5140
fn ”
 —— 10 _trage - ‘

)
i




Position fMime after Holght above 1g./11ter  Volume of air containe

Bumber explosion dottom of Phosgens - ing one Yolumoe phosgens
nm. &CQ __m _ __g_u,T.P. ;
0 1£%8 in, adove .08 "o 58600
1 & floor level of trace . . -
1 30 dugout capacity 0.19 - 23800
2 % 1272 oudio feot traoe -
g X floar of @ugout " -
4 2 £%,6 in,delow 0.08 56600
- 6_ 0 —8Tound 1qvel —2208 L6600
% Romarxa; .

l. Conoentration in Wenoh high for 2-45 seconds -
then rapid fall surprising low, B

Z.  Rssablished point that phosgens oan be liberated
from explosion of osst iron artillery shell in sush & manner as $0 sink into
trench, Probably eoncentration sould not be ag gre&t in gctual artillery

fire,

Trial of the effeot im enimls in trencn by 45" howitzer
cast iron shell, filled with phosgons when fired from g, -

& lMothog;

Tirs of tria)l - Wednesaday,. >Aprn 25, 191‘7 = 8800 PN,

dreillery dotailsy

Bc.ond type of guns = Two 4,5" howitgsr

Avsrage weight of shell 34 1bs. 6 oga,

Propellant charge = 1st charge

Fuse 42 Eoric II1 - x4

Blind shell - 1

Barsting charge = 5 drams Wwotyle

Mgp ranges 1750 yards - front engaged 20 yards
Effective area 20 x 30 yards ~ rounds fireq 25

Bownds in efrective area 13 - rate of fire 3 rounds -
BeF. 2 geconds with psuses .
Timo taxen to fire all rounds =4 minutes
Acowracy of shooting = good
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b-«wm_&mi

Baromater - 30,2 inghes :
Thormomoter - wet bulb = 48%F, .
dry "~ 49,797,
Vind volooity » 5«10 miles. per howr
“ direction - Horth East
8ky = Overcast
Bainfall -~ g1 during exposurs & previous 24 howrs,

¢ Quxioological Rasultas (See dlagram in original repart),

Wnd mstaady « mogt part velooity 6 miles per hour
frequent gusts .10 miles per howr on Frd front = 26 - g,50 howi tzer
8hall are required.~each holding 944 eg. af 1igunid, A

-l -




28 C.0.Ps 2186, ( 4" o

Repart on f!.rug tria.ll of 4.5" hantler Cele mark X

shell £1lled with phosgeng, » -
&  Qblacts

2o study effects with lower wind Velooity = oonpare

roport 4021,
only slight at this velooity,
b  Kothods -
Artillery Patallas

e e e e IR,

Proviocus results had shown that effects produced were

Rype of shell GI. Marx X Cul. Mgrk X

Map rangs - yards 1780 1760

Front ergaged = yards . 40 40

Effective area 40 x 40 x 30

Rounds fired (ranges mot included) 50 50

Rounds in effsctive area 27 3

Predioted daitto AR 4

Rate of fire gun fire Seotion fire 10"
Timo taken to fire all rounds FArTo L 21504 .
Piraation of fire enfilade Frontal
Adocuracy of shooting good : vory good
Burgting charge GI.0 (a) - GL3 (a)
Propellant * - . 24

Blind shell ‘ 0 : o .

o, Keteorolosicsl Datps

Hoa_of trisl 1% = Areb, 1918,14 =
Noe o 4.5" ilowitzor 6140 7.1, 7100 Polls
Baroms te® inches 29373 29955
Thermoma tor dry bulb o ' 48,

wot " 49 “ ) 44

groungd . 50 . 44
%ind dir-otion VWest lorth West North Forth Sass

mainly North Bast

veloclity 4 S=6
Sy blus - cloudy Blie = clowdy
Bainfall - during esperiment nil. nil,

during previous 24 hours traoe 0,01 inc-es

Gensral conditions very favorable favorable




lachrymatian,

indiostion on

1760 yards from trenches

and tast paper (burned paper yellow),
2300 yards from trencheg

Dial lss

- 1760 yards from trenchas

1}

2200 yards from trenchos

&W

8ee ariginal report for arrangement of enimalg,

dotected by slignt luchr yetion

limit beyond which not doteated.

deteoted Yy strong odor - mo

trages detected by smell = mo

Position

Light Sovore
48 hours (Qlass Class casusl ties
¢ inclwding
. dead..
In trench 4 4 0 60 100
In opon at 0 1 1 0 20
60 zards ' )
In opon at 0 0 0 0 0
5 ds .
In g;:n at E 0 i 0 0
100 yards .
Lrinl 14 Goatag
In trench 1 4 b 14 n
In dugout 0 0 0 0 0
In open at 0 o 2 o] ]
& yards g
In open as 0 1 0 0
76 yards
In open at S 0 1l 0 0
100 yards ‘
Bdal 13 Boate;
In tronch 8 7 0 1 87
In open gt 2 1 1 0 100
ds
In g;f;n at s 0 0 8 0
Zg egs at 1 0 o] 1 0
100 yards - 146 ~




Pogi tion

Ho. of
goats -
used

I

48 hours

Aor:3

——SBamlilos - Percontages |
Dead in  Bevere Light Dead Severe
rs Oless Olass casual ties
o inoluding

In s 50 As B 2 1 g 4 60
"op:n:'rswf' 4 1 1 2 25 50
n W w3log " 3 1 9 -] -] i

NeB. = In trial 13, dus to slight wind change from that prevailing when
animals were placed in position the msjority in open were not in direct

path of the sloud,

Eleld Besulisy

Lo
1

SR e nERE B nNENEE R e BRSO B war

T I IIP I I IaM

""3"*039'-"3 338 1z s :-vwaﬁ;a‘q;:m‘aa 188;

L e Y I TS RPNV S o e e L

g OomOm
~1
|}

¥g./1iter Volume of liguid

phosgense

O®m320m 12 :000p 10OPO ® 2 30 ® oE-

(-2}

Position ™Mme after Height adove
mrnbar explosiom floor of trench
woe arigi- of first ast which sample
nal disgrsm shell at was taiken

which sam~

ple wss s

t axen ~
L - RO AR AR

Min, . . In

air oone fillirg
tainirg sgens
one vol=
wme phos- per oubic
gone both meter of

o gos.

trage
"
0e22
traoce
.18
1.28

- l4c 12 -

20000 0,154
1200 2.640
3700 0. 859

820 §. 860
3600 0. 873

25000 0,140
1000 3,324
2700 1,180

0 2,680
2500 1,110
1500 2.046
4300 0O« 740
9000 0. 870
1200 2507
1000 3, 296

600000 0,056
6000 - 0,615
8000 0,615
8000 0,405
2900 1,082
2100 1.516
2400 1.320
£800 1.118




e R e

Position  Mimo of ter Eoight adbove ‘Mge/1iter Yolume of air Iiquia

tmbey explosion floor of ‘oontaining £1lling

806 origi- of first trench at T one volmne phosgens
ml shell at whiok sample . phosgens both ¢p cos,
. dlagram which sam~ was taken at K. 1.P, yer cubio
ple vas Ba ter of

taken e ~——B3DIe
B —t

Min, Beo, Foet Inches

16 2 40 2 8 nil, - -
18 " " s 0 trace - Y
2 " " " " 0.56 8000 0. 591
21 " LAY @ - 0.56 800 0. 391
25 » L ) 0 22 2000 0e154
28 dngout » L 8 nil, - -
” " !N n " o [ ] - -

Goneral Average Goncentwation = Volumes  Timg o7
of air oontaining one volume of phosgens ghot

T X MRt Sty S |

2 linz, 40 Sscs.

1
2
.
4
8

*-Shell durst vory close to trench at end of 8h00t Whith may have given
high late ooncentration, Gu.ideC. for w10le period = 3000,

£6~27 4500 - -

- 148 -




|

Sclad 14 - , : — :
Pocition Time after Height above Mg.,/liter Volume of air Liguid £1lle
Rumder explsgion floor of phosgene - gontaining 1 ing phosgene
(see ori- of first wonch at ’ .. Yolums phos~ 1in oos. per
ginal sholl vhen which sarple e ‘gono both at oudie moter
report saxpls was was taken S ©- BeTaRe of sample,
taxen : _ - .
i " Rid,  560s TG —IL3nss
5 Eb ‘ 0 mlo - -
0 " " " 0. 84 5000 0.587
hi } " b § 8 1.28 8600 0,894
15 " 4 0 0,88 8000 0. 584
g : 1 8 O¢ 24 19000 0.188
4 0 0.89 6000 0,622
] n W " 0,40
H 1 20 o« " nl1, 11000 0.279
17 " " 1 8 0e24 19000 0.168
fg iy " 4 0 1.03 4400 0. 719
L] ] " (] :
2 A S R R
28 " " 4 0 1,80 8000 1.047
S - -
- - 0. 272
26 " fo- ‘- 0,18 25000
2 - ¢ 0 4 0 nil, - 0.125
§ I 8 &i2 & 0. 224
8 . " 1 8 0¢ 51 15000 0,217
g ; " ; g g. 572 6000 Oe 524
‘ 9 0, 363
n ] " 0. 78 6000 o
3 . " ‘1 8 576 6 &gﬁ
8300 0
? £ o® " o8 85000 035
y " w3 0 0.12 40000 0.08
18 " " " . e 084
1 - b 25 Mmoo
18 o n 4 g 0.12 40000 0. 084
25 " A 8 4.52 100 & 017
£3 " " 4 0 f’ ;14 1000 84311
29 " " 0.58 » 1,341
B molter n on % % 0568 730 0,475
UZont - =
ol %éégt oo " Ov 6 80000 0,112
32 smuggut%r " " " " 0.92 6000 0.635
12 Witnown 4 0 16467 27
. 11,640
24 " " " 21.83 207 15.250

= 149 ~




e S

'y

. .
Trangh Samle Tims of Genersnl &verage Concentration Shell burst contet~
Sestor numbors anoot statod a3 volumes of air son~ tration not {nclud-

in taining one volume phos-ons ed in sector figwes
1 1-8 R Min, 40000 | 0,110¢ Mg./1.
2 =17 80 Sace 4800 - 0,92 "o 270 16.%8 ¥z./1.
-4 10=26 1900 2324 L
¢ 2629 8600 L2617 ® 20 22,05 «

Soctors 2, 3 and 4, which show the efreotive area covered dy the cloud give
& goneral averago ooncontratiom of 2900., 1.623Y /1.
Gonoral average corsentretionm for total periods 3800, 1,162 mg. /1,

f. Genoral Ragaorias
1. Veatior oconditions = less favarsble in trial 14 -

variable wind,
&e Artillery - distribution botter {n trinl 1% than

in trial 14 decause Narthern end of target recoived mmoh less attention
than Southern end . Yo, of nhells\tell shorte

%  Ooncentrations phosgens = mot so high in 14,

4e  Arimal 6zsual ties = high percent deaths ana savere
casualties = lcoallrad in trench,

6+ Oonolusionay

L. A sgwprise shoot with B0 rowds on 40 yards at
1750 yords map rarge my bo expeoted to ronder mejority of occupants
of target eilthor dsaths ar Bevore casuvaltiss, R

2. Require very sccurste shéottn@/and fevorable
ve2tiers Host fovorableo wind 4 milos per nowr or under,

= 180 =




& fSbinats

o dctermine which 1s the most sultable natwre of
shsll to euploy for “surprise® 8hootsy 18 pre, 4b", ar 6" howitzors,

-~ - - >
be  Natasorologicsl Dutgs

Vind velooity = 4} = 10 rdles por howr

Ground temperature = Lower than air tompersa twure
(exaot temperatire not stated)

Weather corditions = fenerally favorables
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0, Aiold Teatsy

Cormnrati.c Pirin: trinls of 18 ndr [ a 6" e Q
frinl I Trial 11 : 1
18 pire 405" liow, 6 Howe 18 PAre 46" fows 6" Fow, 13 pdr, i;ts" Hows 5“&
oe 0C guns or 4 4 2 4 3 2 4 3
howsae used
m of ghell Cele Cole _Xi Cele Cele Cele L Cole Ceole Cele }_
Burstin: charge Fuse (Calele) c (v) Fuse CeleCe c (b) Fuse CelaCe
only (a) only (a) mly (a)
use 106 111 108 111 108 111 108 III 106 IIX 106 III 108 XII 106 IIA
bp rmnee in yards 40650 4050 4050 4050 4050 4060 40850 4050
Target ensoged BOxB0 B0x50 BH0xB0 50xB80 80xB50 60ox80 50x50 50xf50
Ioe of rounds fired 70 35 17 43 25 10 ) 23
Rate of fire BaFe B, Befe 3rds, B.y. BaPe Bele BeFe
1 seo. S BeO,. 10 soce (uFs 2 ‘3p0e 18 pec, 3 secs. 3 Sec.
Timo taken to fire 4 min, 4 min. 2 min, 1l mine - 1 mine £ min. 2 nine 1 mn,.
all rounds 2 86Ce 3 800 67 sece 35 me0, 45 s00, 16 socoe 20 pece 57 w0
Accuracy of shoortine very good very good excellent poor very good good very good very good
34e3 293 c 373 22¢ 21 20 19,7 19.3

T>lume of phogsene
usod (liter)

L




P’ = 3 19~ B AE SIS a 0 3 - LY f

Oalibro of I.i:res of __GCamunlties . Proportloml peroentage of

e phosgene EKtlled Killed & eastnslitiss per 10 liters
offective geasod sheagopo tvcon An sach oage

I 3 4/28 6/86 8] 11.5

111 18epr, g 82 8/s2 7.7 20,8

4,5" 1.b 4/35 1z/85 10,6 0,0
(L. 25,0 20/s6  2p/s6 2,0 /7

6" howltzer sniell filled phozxpone swerior to ¢ithar
18 prs gun shell or 4.,5" howitzer sholl, rilled phoazonge wader varylng
conditions of timo anld wectiere.




£84 Cew e Bl " C.L.L2, 14:‘:3 )

Uso of chlorpiorin and phosgene mixtures in field gun end
hovitger sholle . >

IS

& JKathodz
Artfllexy Dotailar

gholls = 4,5" Howitzor, stesl, CTh

Numbor of sghells -~ 50

Fillirg = Qhlorpierin 76% = Pnosgene 26%

Pront ongaged = trench, 40 yards from fowr howitzers
Boostor charge = 16 grams tetryl swrrounded by parsffin wax
Fuae -~ Ko, 106

Tmo of firing = 4 mimutes, 63 seconds

Shell fallizg in effoctive arece = £8 out of 50,

1
Kind of Koe. in Dead within Dead within Dead withim fTotal Percent

i me Erangh 8 hotwrg £ 8a k-1
Goate 14 9 0 1l 10 71
Rabbits 8 4 8 0 7 - 87
Rats i4 14 0 Q 34 100

Tvo goats in a dugout = 4id not died within T2 hours, elthough
1 did s0 half a day later. ’

Pathologicol exsuination showed dammge §o,‘ lungs and blowd,
sufficiasnt to rendar animuls waich live unt’it for-physical exerolse,

©  Zisld Resulta;
Yixture does rot give sdequate smoize for raging prunocose

Citiodomy The work an goats ig repocated in C.l. Co 77, The
date given hors is very mIBETO espeoiaily thot
partaining to metcarologipal conditioms, Some
additional data is given in Cu.i.Ce 77 but wieghar
or not this is apslicable to the whols ov tais
wors is not mnovre 3

1
A
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29, C.C.Ps 817,
Report of firing triale. of ¢.5" hawiuer shell f1lled with

phoszone and chlorpiorine v i

Srial Hos 2.

s Jathoda
April 2§, 1917 = 6145 Pule
Artillery Ratallss

Nunber and type of gums used, W0 4.6" howitser
Awerago weight of shell, 34 lbo. 8 oxs.

Mop ronge, 1760 yardse Front onsaged, 40 yards
afrgotive ares, 40 by & yds, Rounds fired 70. .
Rounds in effective area, 42.

Rate of fire, 3 roumds B.F. 2 saconds with pause
BMm taxsn to fire £l1l rounds, 10 minutes 5 seconds
Acourscy of fire, very good ,

Direction of fire, enxiXdde

Barating charge, 6 drams T.HeTe

Fuse 44 Mark III x A

Blind sholl = 1

b  Eetoorolozigal Dotas

Boromoter = 80.2 lnchoa
Thoruone tor = wet buld = 45, 7°E.
ary " = 50 2OF
¥ind direction =~ W,K.'Ve.
volocity = 6 miles per howr
Sky = cloudiny over aftér fine day
Rainfall = none dwrins test, or duriiy previous 24 hours

BRI F g RN IR AT R AR b,

P., 1 ‘
Aninols Noe in  Doxd Daad Doad Total Peroant
trauch Mﬂ_ 43&&- 15 L5 Sead._..da3d J
Goats 13 - . 54
Rabbits 14 - ) 1 - . | 7
Xigo 11 10 - - N 1t) 91
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d. Pagultgs
s rosults are af"’tri.buted to1

1. Low burstim charge. fhe mixture was mot suffiol-
ently atomized.

2. Belative efficlency faotor of clouds formed from
the 4,56" C.I. shell, holding 625 ©Ce and tho steoi container holdirg 944 oc.
%.¢ cast iron shell is not & ¢fficlert as the stecl oontainer,

Attention is called to the low mortetily among
the radbits useds

Irial Jo. 22
& Sbiects

To got £urthor” information regarding rato of fives
b  Mathodi |

Amril 25, 1917 = 6100 2.l

Artillery Dotallac

Ho. and typs Of guns used, om> 4.6" howi tzer
Averaze weight of saelly 3471bse ¥.038.
Propallant charge, 1ot chargoe .

Bursting ‘charge, 16 drams trotyl -~

M-p ronge, 1750 yards “

Front engaged, &0 gurds

Rfrective ares, 0 x ¥ yards

Rourds fired, E5

Rounds in effective arez, 13

Rote of fire, Be:s &0 secondsi

Tims to fire sll rowmds, 12 mimtss 0 seconds
Fuse, 44 Marz 11l x A .
Bifad sholl, 1 g

Direction of fire = entilads |

Accursey of fire, Yery 5uode
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s JMatacrolosicel Datas .

Baromoter = 30,2 inches S
Teormome ter = ¥ot buldb = 45.8%,
ary " - 49,107,
¥ind, direction - W (wmnsteady)
valocity = B milss per howr
Sky, overcast, rainfall, none during experimont, or
proviouvs 24 hourse

Qs Toxigqlozieal Bogultal
Animal Noe in Dead in  Dead in Dend & Total Peroent

&y {18 i

Goats T 7 - - 7
Bapbits 7 4 i - b n
XKioe 7 7 - - 710

6o mmxm

13 ghell fell in thy affective orea and 3 st in a group
south of effective ares. Thoge wero offective beocausc when they baust
the wind had ohanged to soutiwest end the clouds foruwed were swopt right

along the line of the trenchs
Tno shell did not give adeguate smake for ronzing purposes.

™e gas appesred to hmg.-about tho t.re"nch much more thix
in trisl #2 and 16 mimutes - Pter firing had oeased thero was 8till a
dizvinet haze in the trench, e

Tods was the slowost rate of fire 80 far tried and ghkve
t .e bost results wity phoszene and cilorpicrin end ons of the best regults
recorded in any triel. ;




- Do A Fe 176 (GH G TT)a

Persistensy of & mixture of phosgene and chloropicrin
liberated frum artillory shelle ’ . : o

Arttllary Datas

Shollst B8tecl, 4.8", containor type

Low fired: Feom {our howl $gers

Renges 200 yards

Time (o fire a1l rowndss 11 minutes

Colloction of Ssmplest Samples of atcosphere
in the woods, aund in tho cpen, where sone
centrations of chremlicals were higheste

% lotogrolocical Detap.

¥ind velooitj = B to 7 miles psr hour,
o Tomtcolozical Resultm

i. Ta-ic E{feets on Animalag

OUf six goots expused end examined, two wore found to Yo
suffering from gas poisoring. s »ethological examinations shaowed that
three goats mght bo classed as light ow'ml‘ti?s.

2o Toxic Effects on Cbserverss

Stron: lpcobration was expetrienced one minute after
coasation of fire. Elzut minutes oftor 2iring, locirymation was exseri-
enced maex the grounds 657 minutes «fver tae last burst, the woods wero
freco fro vaporse ; ;

& Qonolusiopat . ¢

Huch groator under swrfaos persistoncy was to bo exiected
iz en eres previoualy bombarded trzn in fresh sofls At least fivo days
ghould elapse &fter bombordment with shell filled with cilorpicrin and
phosgencey before wnprotactod troops dig thomeelves ine

Oriticisms P.G., tho mixtwre uwsed in tiese tosts, is
epparently a dsinite mizture but the proportions
of phos;ero and cilorpicrin are not imowme




1 Richter, Bmell, Clayton, Ogleaby, Kuhle
‘ (.P.'l‘. nn-xaao) 3

P . e
.1.

Roprt on 60/60 mixtm‘e of ohlorpicrin and phoogene
fired atatioally from & Livens pro,jcotile. :

& Qblogtx

To deternine the lethal area in trenahes from detona=
tiong of Livens projaotiles, containing 60 perocent chlorpicrin ana fifty
percont of phosgense

be Nathoda

Livens projoctiles containing 12 liters of & nixtwre
wero fired statically in & trensh. 6 o bladghowder nsed as boosters
Eignt dogs at 20 foot intervals on eagh of the pro=

Joctile wore expoeed for thirty minutes.
Artillery Datas

Mmo of firirgs 6164 s.ms  18/8/18 -
Bxtont of gas clouds 164 feot to left of projectiley
80 feot to right o proyectile,
Lothal sreas 144 fect to left of projoctile.
40 feot tb right of projoctile.
Separati.on of gnsest Aftor soms distanco, the phosgene
was ahead.

¢ Hotogrolorical Dotar

Wind volocitys At tum of firing, nil. A4verage for the
£irst fivo minutes one niler per hour,
Tecporature of airs
In trengh = 53°7,
Growmd in trouch = 51.801?.
Veathors Hot given.
Belative humiditys 945
Baromotric pressures 25,88 inahes.-

d  Flcld Romnltgn '

;

Arrargonent of scopleras Bisht growps of ten samplers
each wetn placad tuenty foct apsrt for a distonco of 10U feut, to the right
and left of tie prog:ctiln/
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CONCT I BATIORS

Cowontration in it /1.t fome 2 s _Congentration in Mgu/ls.
~Chlorine : ~Ehoszene . s _Shlorploris ..
Intorvalsg in Jeoonl t nterval [} ' Intexryals in ggggmﬂ
10 3 300___110 -__---.,,--.-..#_-- 300430 30 et i £00
] s
00 .5’5 4900 1.70 .00 .OO o~ o~ 1.4'0 .00 .00 e Loamd 1.08 .00

4445 9.06 091 o83 117 2 — 6069 4 007 #2353 g o 8489 .“ .59 1,84

10,73 10,15 1,55 #62 57 11120 = 1,09 A8 e 13498 =
8.48 8.59 5+66 5.22 5000 3 703 7.38 — Be20 5.18 ‘5.22 4.09 [ oo 2.25 2.51

2476 e 838 242 10,85 1.06 4.94 B402 8.“ 5489 llzow Lol 4.19 - 10,38
o2 ~ «83 «968 292 3 - « 00 Q“ — 1.20 g e ma .57 S $.18
«00 «00 ‘00 +00 «00 1 .00 .'00 «00 om 000 s .“ Lnd — —— 012
.00 .00 .00 .00 .00 3 .00 ’00 300 .9_9 .29 | .m .m : Im __l@ ___.m. ;
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‘oloud rolled out over the treonches, settled
£111 the trench and on over the groumd
otion. After four minutes this part of the cloud had

fhe main part of the oloud, scoarding
trench 160 feet to the left,

A largo part of tho
to the ground snd advanced so a8 o

in an easterly dire
advanced beyond the trench systele
to the observation of the 639, climbed out of me
and 50 feat to the right of the projeotiles

In this 1ist it must be xopt in mind that a highar conmcentra=
tion is gomerally realiged in the part of the trench oooupied by the dogs
thon at the top of the sample DOTIlee

After twenty mimites it was impossible for men to enter the
trenoh without masks, witiin 60 feot té tho right, and 150 feet to ths loft of
the projectiles At this tim the odor of phosgons, oould still be distin-
guished, slthough tkat of chlorpiorin was still predominant,

After tventy-tive minutes omo -could advance to the distanoe
of £iftoen feot from the arater, from tho loft side of the projeotile and
to the right to about 100 feet from the arater without appreciabls dlsocomforte

~

e. Joxiodlozical Basultai

Resitian Swotom . Bffeots

160 t:ot, 1o£t lachryration, dopressiom, salivation Bevere oczsualty
m n L L]
- - trecbling, repid and.shallow respira= Death in 12 hours
tion : -
12 " " Snecszirg, laghrymation, 'salivaotiongin= Death in 12 hours
. N crecsed nagal digcharge, retehing: |
00 " " Sslivation, lsclrymation, retculng, Dozt 4n 6 hours
dysprooa
8o " " 8xlivation, lacirymation, pasal dls= Death in 12 howrs
- . chargs, 4yspnoos.
60 " " Leghrymetion, salivation, roteting,  Death in 12 howrs
. dysNn0006e )
0 n " Sziivetion, lac:rymation, retaning Death during exposure
: . voini ting, dopnoca. :
20 " " Wildly exc‘ted, sulivation, lachry~  Death durimg exposurs

. R mstion, vordtirz, gosping,
2 feet rizht %iiddly excited, sclivation, lachry= Doath dwrin; exposwrs
metion, retohing, vomd tinge

O " Excltomart, ¢Bllspse, lachrjmetion, Deeth 1n 10
5 L hour
. . salivetion, retcuing, vomiting. e
60 " loehrymation, salivation, merked Sovere casunlty
. doprossione
g0 v " Loorymetion, sulivation izt cesunl ty
100-160 fyot” Yoaao Unaffected,

- 11 -




¢, Sonolusionat

Tho lethal area from leéna,ylwith & 50/60 mixture
of phosgena and calorpiorin is 180 ‘fects o

Dogs showed symptoms of phoséen‘a only, 60 and 80
faot to the left, and 160 goet to tho right of the projectile.

= 162 ~




(32)e CoCePe 2o

Report of firing triel of 60 per. cast iron sholl filled
with phuagene and enlorpiorine ‘ S

Animals used, cats aad £03t8e

s. ORjeots

Mo snow tio marksd results vhich con be obtained from a
£ woll placed sheil, ¥iiled with F&a., at low temperatwre (27.5°%).
(The shooting in this trial was the worat ever witnessed at Parton).

n  Methods
Mmo = Decenber 19, 1917 = 31¥ P.le
£r8illary katasl..

Map raongs = 1750 yards. ‘Front ergaged = 40 yards.
Effeotivy eren = 40x30 yarda. Eoe rounds = 82

Yo, rounds in effective &rea = Te

Direction of f£ire = frontal.

Axuracy = very poor,  Time to fire all rounds ~ 9 Minutes.
Bato of fire B.f. 16 seconds.

No, of oxperiment =12 . -
0. of howitgor B wdod =~ 3 ,
Type of g201l = Cele, R.Lo design 253484 (}) with side

' ¢1ilin: bole gnd steol container to ReleDs

%34 85 wsed in steel shelle

¢ Typo nmumber = 0 374. .
Barstin: chargo = © (o)
Propellant chavye = 1s¢
Fuse = 106.
Bliud srell = O.

Ce ‘ntacyrolor D :
Borometer = 29.96 inches ol
Trermoms tely Wot bulb, 2%£456%74
@y " 27,6%,
growmd 22 s
Vind = N.iteg Veloclity = 3 miles per howr
Sy = biue, cloudy
Rairngeil = none dwring ewperiment, nono during proevious
24 hOurse

- 13 -




A,

s _Gilorploxin

‘8 Mg/l

31

tTime &f ter sHeisht

sabove

IYOlQ of

tburgt of

Positiomn 1lst shell

tVol. of air
sconte 1 vol,

l"g 1.

sfloor of

stronth

- sair contes

ft¥hen sem-

iple was

$ dilorpicrin

$both at

sl vol.

1at which

ssuple

sphosgens

takxan

Y. TP

sboth at

L]
1

twes taxen ¢

8 Mirn, 35coetFte I _chess
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H

Sh.ol ter

0ul¢ & 52,400

: a,aoo

Oeil

"

agzout 803

Dacp

! 40,800

0.18

nil,

s

dagout 413
Ehel ter

1 156,000

De46

]

nile

“

dnout 321
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30 4 cats O died

s ] ] ] 3 !

fyanch Ly v 3 3 8 3 1 M 1 86 4

Dugout 1} £ 0 1.0 .+ 13 O ¢ 0.

In open &t ' s ' ' ' s '

B yards 15 10 s 1 s 3t O ¢t R ’stmm
In open at 8 ' s s s s ' '
X yerds 14+ 0 s 1 3 1. 0 1 B OS5 cats 0 dleq
Ia open at ] % [} ] t ] ¢

100 yords LE 1 0 1.0 1 1% 0 2 0 O3 cagy 0 dleg

Though no osts died, aitopsy showed one at 75 yords was
severe ocasuslty, ¢ne in tronch light easuslty, _ ’

Oats wera vsed inetéad of rats bocause of the extremely
60ld weathar, N :

Obesrvation on t.avel of th- phosgsne Vapor. TUloud seemed
vory slight to obsorvers 1190 yards from the artillery trenches zad was
quite invigidle long before it rsached thom,

the probable dircetica of Arift had previously boen shown
by moans of a smokcs oandlo snd with 2 observers mIving bdagkwards and for-
wards at right amgles to the wird direotiom, the points o meximum dgnsity
Woro probably found, ’ < ,

In the field 1100 yards from trenchén, phosgens and chlore
picrin oould be dstocted by smell and saarting of the eyes, phosgene by
smell, by paper teat and by slight "totacso” resstionm noticed by one
observer. This observer on moving 200 yards further avay from trerch,
lost all trace of the cloudy ‘

£ axsl Obga e

Ccantdering that only 7 shell fell 14 the effective arsa

(ons anoll fe11 Rearly on 20 yerd lins) 1t is remariable that of 7 goats

in tha trenches, 1 was xilled and b rerdered savere ‘casual tics that 1
out of & goats In the opon at 50 yards from tronch and 1 out 4 goats in

opsn &t 75 yards from trench Wers also Tondsrad severe casual ties,

) Average numdor of casual ties in previous trisls, 86% in
‘this expariment, €3%,

e Conclﬁsigm;

Phosgene ¢an he wsed a1 fe stively in cold westher,




83, 0Os CuPe 5o

Piring trial of 4.5" howitzer shell, containu' type,
filled phosgens and chlorpiorin, .

PR

se Methoda
Artililery Potas,

Pront EO yards, map range 1750 yards
Eﬂ'aou‘rq srea 20x30 yurds
Rounfds in effective area 15.

be Matsoroloziocal latar

Baroma ter = 30,07 inches o
Tempoerature, wet buld = 41,86 7.
LJ -
gound = ¢z°P.
¥ind direotiqn = s.R
" welooity - 7-6 milas per hour rising to 12 miles
< per hour.
8ky = overoast
Rainfall = none dwrimg experimont nor 24 hours provious,

6. fJuxicological Regultas

Pogition of 3 xo.:Daadinaswere $1Siight s Bsmarks

L] s -8 $- (] .
In trench t 4 ¢+ O .3 O s 2 14 rata 0 dled
In dugout s 2 ¢« O s O s 1 s
Open 60 yards ¢ 8 s O t 0 s 1 13 " 0 ¢
® 75 " s 3 3 O s O s O 3 71 ¢
" 100 N = 3t = 3 = i - L ! 4

o X)
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#.  Cv.c. 95 - 0.2 6.

Tosts with 4 inch Btokes £11led wyty ‘phosgene and
chlorpiorin, : I

&rtlllery Datailay |

41 fowr inch bombds vith service bursters fired from
1 8tokss mortar,

Trench front X yards at 340 Jard range,
Tims taken to fire all rounds 1 howr &9 minutes,
Direation of fire, enfilads, doouracy, fair,

b leteorological Rata;

‘Gromnd tempersture, 88°F,
¥ind velocity} 1 miles per howr, drifts Yariable

in direction, . i
General condi tions; very favorable,
%  Jexigological Rasults,
Position s¥a, of €catssDead ingSevere 1821ght 1Poroent=; Bemarics
!  used 148 hrg,. soasualties fcasualtiess age
0 88 8 J b 01838 G0 ~Sa 8
4 ' t 1 s [}
trench [ 8 1 8 0 ' 0" 1 100 ;9 rats 9dskd
dngout s 1 LI S 0 : 9. 3 1% 1w
In open at ¢ ° ' s $ : I -
50 yards o (] : 0 3 a L8 1 [ 0 56 " ow
In open at -8 [ 1 3 ] . -
3 N Y | Q t (¢] : O 13 » o

3
Travel of cloud, ‘ - -
300 yards from trench, phosgene stronzly in evidenos .before chlorpicrin
was detected, -
800 yards from trench, st1ll observed 25 minutes .after last bomb,

d--Qh&mmm .

(1)  Highest ooncontrations phosgere 8,27 m. /1,
chlarplorin 8,40 mg, /1,

(2) a1 animais 4g trench xilleaq,

()  Chanre n wind prevented gas from Passing over
animalsg 4n opcn,

~ 167 =




., Roborts; Oié.yton, harrell, Oglesby.
B.N. XXXVIe28, i

Canoentrations, toxicity and Persistoncy of a mixture of on
chlorpierin and hosgeno fired statically from g I.t;rgm Projectile in g
Wenche Filler: 5,94 ge. c¢hlorpierin (90:1% pure) and 5940
ce/ 4 jpsgeme (98.1% pure}. - I

%  Xothody
Actillery Datgy

Mme of firing = October 18, 1918 = 8:55 4.x,
Quantity of load = 11,880 cos,

Boostar chargs = 6 ownges of black powder,
Frogmantation = well opened,

b Hetoorolopical latas
¥ind veloot ty = under Lymues per hour,
Tomperatire of aire 53 .
Romperature of gromd - 51°,
Weathar; elear
Belative hunidity - 9@ percent
Barometrio pressure =~ 29,88 inghes,

8 Lanes

47 1,08 +00 Y- 100 feat to left
+00 +00 «00 00 «00 «00 100 foot 20 right
6.69 «07 1,92 6.49 . ,09 2.40 60 fect to left
08  ,00 L01 W12 06 «09 60 foet 2o right
uvgo 045 419 e 98 «45 1e 90 . 40 feﬁt to left
1,20 ¢ 00 «60 316 «b7 1,06 40 feot to right .
738 %18 5,70 .22 2,25 3.62 20 feat'to leoft i ‘-
8246 1,05 5,03 AQeD8 508 £ 83 LD _fLoat to ripnt }

. {
eowwmu. X : 1

§
Ko dogs died ss & result of exponure to this mixtyure,

N Vd
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Se mm.

Toxie concentration obtained over a front of 160
foet. Tirty-five minutes after firing, the mon J.achrymated 100 feost
too tke right, and fif teen feet to the left of ‘the drum, Phosgane
was not detacteds (ne howr af tar, ihe -trench was untepable 200 feet
to the left of tho drum, due to the shif¢ in wind direction and
velocitye Evo howrs after firing, chlorpicrin wag not noticeable
80 feet to the right, 1t was munbearable £if tesn fest to tas right,
Twonty=four hours after firing, it was unbearalle five feet to el ther
sids of the projeotile, '

»
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36e Caoi’eCe 51, B5 & 64.

a. Field Regultas .
Trinl S HULL Bursting Range Front Rumber Duration Direction of Wind vel, Liters of
Moo Mo. Type Charge Yards Engaged Rounds of shoot fire miles per chemicals from
; hour effective shell
per yard front

-—M-

1 4  DtJLtre 16 dre 1750 40 50 4 32 fromal 4 013

tetryl

2 2 CIXKI 5 dr.” 1760 40 70 10 25 enfllade 8 406
3 1 StLtre 16dr." -1750 20 25 13 36 . 2 +06
4 4 StCtre h‘uzixvl 1750 40 50 7 10 froatal 15-20 o1l

ctie) :

58 2 StLtre " 1707, 20 25 65 36 frontal 58 «10
6 2  8StLtre " 1780 40 51 & 17 enfilsde ¢-1/2 «10
7 2 stotre " 1750 40 s0 7 9 frontal 4 e09
8 2 SteCtre " 1750 40 5o__ & .3 _ grontal ___All —al

Totes  “ith the exeeption o? trial b, in which the aocurady was "falr* sll other trisla were reted 88
"yory good"e :

oq - Toxicologionl Resulies : :
Triel 1o Tumber of ;oats used pPercentage kxilled Percentage severe casualties

1 N ~ 14 Fnolaasified
2 13 : B4 "
3 7 . 100 100

4 12 9 89

5 7 : o e

6 12 17 83

" 10 80 ' 1100

8 122 __200 — .




57 Gar,. 1?6.’

Ocmpamuve firine trial or 6" .I. !wrn-ar cbsll filled

with (2) Guiorpicrin 80% ~ Stannie G‘zl)rldo 0%
(v) Phosgens - ehlorpicrin. o -
8  Hathodp
4x3illery Detatlas
fhe!lg Gulorpiarin 90% Phosgone~
ﬁ >
Howi tzar, 6"
Rumbey useds ’ 1 1
0'1. O.I.

"0" Rumber of ghells 010697 8 335
Birsting charge: ¢ (e} 0 (o)
Fropellant charge; 2na Ballistite 224 Ballistite
Fusey 06 11 106 111
d1ind shells , ‘ @ 0
¥ap rarge, in yards; - 4080 4080
Targot engaged in yardsy 50x0 60x80
Rowids fired; 25 . 26
Rate of fire: I fired, 28 sec, Gun fire 20 gea,

? mirates 42 89 00nds
rroutal

Yory good

Tima to fire all roundag 11 minutes 22 seconds
Direction of fiire, frontal

Agouwraoy of shontings Yary good

b mmmm_nm

Wind vploettys 1 - E miles pex hour
Direction of wing,  Hainly Weat .
Temparaturgs
"Iy dulbs 66° .‘.
wat " 3 61° Fe ’ .
Temporatwro of ground, 567, L
Earom trie pressur e w.oa inohas
Sxys blus ¢ .
Raiofalls Blle during exgeriment znd previcus

Goneral conds tong,
Moz of days

& hours,
Favarable .
715 Pere Cl

=171 »




ﬁmwmmmum;:-ﬁw:nnmﬁ-
Ko, Funbar  Rumber ~ Percent Poroont
”, , f' < -4 N el B 3 Q R D 8

Postition

On ground level 82 15 9 S8 48 6

At 4 £¢, lavel 1y [ & 8 ' 55.3 70.8
Zotal 49 e St YT 13 |
4 - : |
Position ¥o, Fusber Euuber Narmal Percant Percent
K11 ,

m groma level | 4 9 g 2.8 61,7
AV 4 £, lovel 15 4 ] 9 ] 43. 78
-M— ‘_& ‘LW __&— i

In a series of f1ela %3sta Which have been Previsusly
dasc ibed, phosgene ane o&lor;:l'srt‘n bhave proved theiy Superiority over
chlorpierin 80% ~ stanric ehloride 20%  The results of the zbevs trial
&re distinatly in favor of the latter mixturs, however, Ong such trial,
ddog not, howover, prove that in 6" ghells 1t 14 generally speaxing morg
efficlent tham Phoszens and ¢hlorpiorine
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W 0.CePe 205,

Exporiments to determine the persistency of lethal
gasos in dugouts. Comparison of persistency of phosgene and chlor-
plorin, . AN

& Mathods

w0 4" Y, I, Stoxes bombs, filled with K. (a mixtwre
of phosgene and ehlorplerin) and fitted with four grams opharite
boostors, and No» 8 dotcnntor sleoves, with eleotrio igniters were
placed in & trench, one md-way betweon the two entrances to e deep
dngouty ths other immodiately opposits one of ths entrances. Both
bdambs opened well and exploded simultansously.

%  Hateorologloal Datat

Wind velocitys 14 miles per howr.
Direotion of winds Eorthwest,
Tomporature.” of .afrs °
wot buld - 42.8 F.
&y "  =44,6%F,
Tamperature of ground - 43°F,
Sxy ~ Overcast. .
Rainfall - Ril, duwring experiment, (11 inch during
previous 24 hours,
Baromotric rregsure ~ 29,15 inches.

¢ Domltas

At 45 soconds sfter firing, the maximum of concentration
of phosgens in the dugout waes 1,55 mg./ls At 1 minute and 20 seconds,
the maximmm concentration of ‘chlorpiorin in the dugouf was 2.20 mg./1.

At 10 minutes, chlorpicrin was not longer present’in gqusntitative amounts,
At 50 minutes the lachirymetory atimosphere in the trench and st both en-
trances to the dugout Was notlceds In one hour and £1fty minutes, an
wprotsctad observer could just enter both shaftae .In 3 hours 20
minutes, an wmprotected obaorver went zlmoest to tho bottom of both shafts
before he lachrymateds He experionced severe lachrymation in the main
chamber of the dugoute In 5 hours, 20 minutaes, the dizout and-shafts
were c¢laar of chlorpicrin. * ‘ ’

d.  Conolusionss

7’

fhien 4" Stages bomvs, 741166 with B.Ge dburst in & trench
near toe entrance to a dugout, high concentrations of chlorpierin may be
produced in tie dugout. The vspors of chlorpierin persist in a dugout
for 8 period of about six hows,

- 373 ~




®. Kolls and Satler,
PoT. VIII~A 398,

&, Qblacty

To note the comparative efreot of olouds oontaining
Cyanogen chloride and phosgene undsr the sams field oondi tens,

b Mothods

Arrangement of field = gea dlegram in original report,
8 Livons projectiles in a set fired sim tansously, moved to side of fileld
Just before firing dme to chaige in direotion of wind. TFragmontatiom
8004 in 81l but oms where thero was a bad bdurst,

¢  Moteorologigal Datas

Timo of firing = 4328 P.M.
On range near 2400 yard line.
Pme - 4330 P.HU.
fomperaturs °.f‘o
swface of ground - 41,6
altitude of § £t, - 43,0
Relative humidity % - €3
Bxemetric pressure, inghes - 89,94
¥ind direction from - North Tost
Wina vYolocity, miles per hr. at alt, 6 ft. - 4.3
Sky = overcast with low strata = cwsulus clouds
mOving K.rth West . '
Ground = 000l and modsrately &y = mo rains for
b4 howurs, slightly sooler than atr above =
828 clouds settled drifted along surfage of
- "ground, o

d  Eleld Rosultss

Ooncentrations of Phosgens and ¢yarogen chloride miztiure in mp./1e total
chlarine,

Distanecs 3

1]
i 2 3 1 4 35 26 27 BL’_Q__x"IOsll_al?
100 faeet :3.83:4.11:33.6:1.76:43.8:6.01:2.37:1:0:3:0.55 inones £ 5410.185
DO " l1.48l2.11:0.0210.06|nonellost10.4332.0013§18 1mone 1none 10, 38
600 w 34.2430.2("2.&xo.ozslostu.ssw.lﬁxo.le:0.&06xnonemone:a.u

m" ‘..|-|-—'—-‘—-’.-‘.-‘-—1‘,.f- 1 == fto= 2 e

100 feet Mme in secomds = 14, 24, 34, and 54,
&0 ¢ won v = 41, 51, 61, and 81,

600 " "o " =82, 92, 102, ana 122,
900 n *on " Hend pump - aversgze 0.112for 10 minutes -~ began
. ) 12% seconds,
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Mixtwre of phosgens and oyancgen.ehloridg gave
W pronounced immediate effeots of eyanogen ehlarids fue to the smell
quantity. Suall mumber of Galayod dscthg = 1t ttle affect or Phosgens
%8 to small quantity, ’ P

Ses tabWlations on page 1%¢,

s oyanogen ahloride in mixture d1d n:t produce
pronounced ¢ffeats, Bymptom mild in 1st row, 2 4gs and 1 gulnsa pig
&led on fiold, A1 Others showed signs of gaseing. 2nd row -
Severely gssaed - g dogs died on rield, Other rows = mila casusl ties,

f. Somolusionay

4 mixture of oyanogen chloride and phosgens 1s nog
as pood as an egual

&nount of either gas eloms, o5 determined by comparing
the abovs test with tests of the e guses.
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40, G.GP. 200 (3269)

RBepart on expsrimants to dotarmine persistoncy of
mxtwe of phosgere aad arseaic tricilorids marx I'aft.r liderstiom from
artilicry shelle 4.5" howltsar shell, oantain:r type, filled with phog-
gene-arsemic trichlarids mark I ,358 ag, - : o

8 Cbiagts

To determdne under suwrfose and over sr{aco persistanay
of C.B.R. Harx I,

b Hethody
&tlary Datas

Humbor of howitszora - 43 rounas fired - 100;

Rato of fire = B.F. 5 sec, to & 800, ¢

Mms taxen to fire all rounds - § minutes 20 seconds;

docuracy = goody rownds im eoffsative area - 90;

Type of shell @ gtaal oontainer; bursting dharge - funyl O(b)
Propsllant chsrge e lst ballistite; fuse - $106;

Biind mnell - 3 Mxp raoge = 2300 yurds;

bombardsd arsa 140 = 6O yards.

¢  Hotgorolomical Datas

Tma 4300p.X, 4150 P,
Barometsr, inches . 30610 10
Inermometer, wot bulb . B - 4 %4, 8
d!‘y "' T =B ] 5.8
ground .8 7 28
¥ind direction “W Vel
¥Yaloocity, miles per howr £ =8
sy ‘ blua blus
Rainfsll nil durirg experiment

‘eod 21 hoursy previous
i

d.  Igdagl wical Datag '

Observers wnable to datsot phoagond& %o 6 minutas after,

6 guinoa pigs axposed ~ mo effects 4 guinea pigs {n, and ome Juat
to loeward of each crater. T

® - Conciusiokg;

Under surface end over suxrface porsistencies of phoszeme
a3ligible quantities, Ko samples taxken for analyzis,
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© (3348)
4l 0.0.P. 219 (C.W C. 83)s

Eogort on firing trials of 4,5 east iron howltser shell
filled phosgens sad arsenics trichloride, Marx s

8y OhXais
%o test valme of C.B.R. Marx II, as gosparad with C.B.R.

More L
. Mathods:
Axsillery Dotalldss
i I 1 £ 3 i
Hoe Of 443" howitzers 2 8 2 ]
fype of shell ateal b,p. cast iron  steel
conteiner Marx X eoontal nay
Barsting onarge ¢ {r} -DJDe(b) clo(e) o(vjm(v)
. _ o 010{a).
¥p romge, yards 1763 1760 1750 1750
Front engaged, yurds 4 ) - 40 40
Bffoctive area, ysrdc 40x30 40x%0 40x30 40x30
Rounds fired 85 g2 66 &5
Rounds in effaective o3 Ford . 2 58
Bownda fras range table 3 . 5 59
Rate of fire, B.F¥. Bssa, _ & mese 10 seo. 5 sedf
Pime for $o fire all rounds B min.40 sec.d rmin, 8 min, 5 min.
: ) - 40 3eas 10 seCe 10 w0,
Direction of fire .+ frontel enfilade -frontal frontal
Asewracy of ghooting poce poor~- ~  good yory good
¢ Mos oFf shell 293 22 398 (393 .
: , - (=5
Fropollaut cuarge 1st Bollistito lstv ond ’ Znd -
Bailipgtiteo Ballis:tite Balllstite
Fase #106 06 - 08 106
Mizd shell 0 o 0o - 0

¢
* Leing to frequont changss in wind éirectlons'a':\m consequent slteration of
1ine it fe impossible to ocomplete thede catsilse-
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&Wﬁl—m

B 4 b

i A
Data Dscs11,2917  Dec. E3,291F -Dw.!'i,lﬁ? Jan. 83,1918
Mmo of day $180 PoX. 3118 Pola . BX PN, Bidb P.M.
Baroetar, inchas $0e31 .08 T 2998 29.98
tharmome ter wot bnl.h 53, 32. 33, 8.5
ary Bhe 33 4. TS0
groums 28. 29, Sle Bl
Wind direction B TaNe Selwis HoWe 2 W
volooity mles/howr 4 . 4 ] 2
By blua blug-aloudy Dius-gloudy - overcast
Rainrall at tes?t nil il ail nil
Previons 24 how's trace il il TR
& Soxicolozicsl Dagillss.
1, Bavaiolocical CRacIyationds. i
Ko, tPosition tHoeofs Camaslilog ot Remsrics
o tgoataidend mss«oxumghtmuwwe s
trialt 1psed 148 hrsesClass o classs  jcasual-
' ' ' ] ' s hties ands
t i t T | 1.4 1 L
sIn trenchs 10 ¢ s 3§ 693t 1 & 3190 10f 11 rats,10 died
»* dugouts 118 0 ¢+ 1 8 O ¢ 01 )O 1l rot which died

3 $% opon &t} ] ' s ' s 1
60 yards ¢ B @ + U 3 & 3 030 1Gf 4 rats, 1 dled
483 100 "4 21 0 3 O ¢ 8 0 0O (" s Q" i
sln tremcht 7 4 s £ t 1 3638 - U 7Yrats, B dled )
" dngouts 1 14 0 10- 11001100 10 1 rat, 1 dled
s™ open ati ' 8 s ' Voo 8

2 60 yaxdsa ¢ B ¢ 0 1 8 s 2 t 0O 60 1Gf 2 rats, 8 dled
tat 15 " ¢ 4 01 0O 14 1 01 0 10 & ratsy 8 dled
t¥ 100 % 1 3 vV ¢ 6 12 s+ 030 10f 8 rats, 2 died
TR0 b SIS NI ) - ¢t = 1= { -y - G2 X
1iu troncatr 6 3 0 s £ 3 8 r vt 8 é 51‘1“3, b disd
1 duzouts 1t 0 3 ¢ 1 t 010 IOI’ 1 rat, 9 &tod
1" opunt 6t s t t % %

3§ 160 gurds ¢+ B 8 0 ¢+ 0O 2 st Qv O . sOerats,zuod.
ftpe W "1 4 0O 1+ 0 3 t 0 ¢0 107 4.rate, 1 dled
sat 100 " ¢ B ¢ & 0 i & H 0;0 ofOr"tu,Odud
tat ol ¢ - % - 3 - ] e ¢ = § - (344 ar\.tslougg -}
tln trencht 7! 5 3 1 %4 s 7 306 1Y Trats dlsd

egout 1 1 roo ro 10 fwo 1 raevich survived

4 51 1 318 0 3 & 120 820 |0r5rats, 6 died
iat 75 "1 4 c ¢ 1 2 t 01 & 10f 4 rats, 1 dled

3t 0 3 0 32 3 030 40 B ruts, 0 Glade

2" 100 " 3
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z. SChbsarvations gn ixaval of oclonds o

Brxp. 1» 30 mizutes after - 3500 yards from trenches,

Bxp, 2, 1700 yards - test psper $urnods

Exps 8. 8500 yurds ~ deteoted by 0dor and test Paper.

Emp. 4. 2500 yards - detected by odor and test paper
(20 minutes after).

Exporimedt 11  Dense white clowd formed =~ spread S.%
at end of shoots At 1200 yards - Suffiotent phosgens present to twn tost
PRper yellow - ptronmg odor %0 lachrymatione 4t 1400 yards « Unprotected
mon coughed violently for 18-80 minutes.

Zxperiment Bs Opaqus, donse elowd mowed slowly from
trenches, travelling 8.2. = visidle & minutes sfter shoot 1000 yards away.
4 ppol of or, 40 yards in diamster seen in ds;raession 50O yards east of
tronches, :iburvor 12 minutes after emd of shoot entered this pool,
Surficient phosgene present %o irritate moatrils ang gave taste for 2-3
hours, % observers at boundry of ground (1500 Jards & 1700 yarés)
from trenchss - digtinet laghrymation - test paper turned yellox -~ tobaoso
reaction given, Qoud visidble €0 minutes after shoot &nd wp to at least
1000 yards beyond boundsry fonoe. .

 Exvariment % Qloud - 8.7, direstion - vistble for
distance ¢f U yards., ldmi¢ for detootion of phosgens 250 yards,

Dense white oloud - moved nortd, Yisible
ot £500 yards far 2 obsarvers, 2800 yards for third obsorver. At end of
2 minmtes, not detected by odory Just notiosadle by tost paper. Poartion
of eloud remainsd behind and hung stationary ovsr grownd. (1400 yards
from trenches)., At end of 26 minutes derge quantities of phoagens present.
J 4

"
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Oonsentratiom of phosgane (no attempt made to analyze the stannic chlarids
Present but total chlarides wers calculated ss phosgare).

i

M 4

Position ®me arter burst Hoight above

18t shell when floor of tromh Mg./liter Volumg of air
sample was takxen &t which pample C containing 1
wvas taken v0l,phosgens
b4 bot H PP

A

] 1 0 4 0 .06 4270
™ " " " L + 54 8380
11 » " 4 » 87 7940
é 2 %0 " " B.7 7s3
8 " " " b 508 0
14 " " L L 1,50 2020
18 » " 1 8 «63 7190
5 4 & 4 ] B.04 1490
m . (.2 L o " "m '1060
s ) L] L " 19 23800
é L L] b | 8 45.02 9%
12 " » » " 0, 87 168900
1 5 15 £ Q 0. 48 8430
y " " " " 0.92 4920
2 . o 2 8 0.23 20600
16 e ¥ bl " 2,06 2200
dugout (adywe floor of dugout ), - N
5 Efoata eu Animala,
Bo. of trial FKo. goate used % .Killed Severo tie

- o : RS RA T e

1 n 27 91

] 8 62. 87

5 7 0 I

4 -8 V£ —— 87

Concentrations obtaineg in o380 of €.B.:i, II of same gensral
arder ag &verage oomcentrationg 90 a1l phosgene tozts with 4.6% howitzers,
48 rogards lethal propoerties of Merx I gnd Kark I~ nothing to ghow which
is more toxis, In former 0280 24 goats in all have been killsa out of 69
Bsedy in lstter 13 out of 3 (40 end 42% respectively),
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£, smmmx.

Ko marmed difrerencs between efficlency of Msrx I
aund Harx 11, . Iy
Oriticlems OCoB.R. Mgrx I "a.nd En't I are phosgene~
arsenic trichloride mixtures. - '
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€2 C.0.P. m9 (1679)

Report on firizg trial of 4,57 chiuor shell, contaiaer
typs, £41l¢d - phosgens and arsenis triohloridse '’

2% Lblaaks

o datermine mmuber of shells filled C.B.R. required
in a given £ront,

bs
Date ¥ay 8, 1917 Ear, 1,191 Mar. 3, 1927
fimg of day 5140 P.X, 10430 B X* 8300 P.X,
Ko, and type of guas used 2-4.5" hows,  5-4/5" howse. ©&~4.5" hows.
Type of ahgll stoel .container steel .oont'r, steel .comt'ry,
N=p range, yards 1760 1750 1780
Front engaged, yurds 40 L ¢ 40
Rfreative ares, yards 40 Yy X 4 d»y 40 by 30
Rounds fired #o 50 50
Rounds in effective araa J 4] 30 -

TN~
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S

Ge Comrarigy
To. of cxperlaent 1 2 3 4 B s
dato Kebe2l, 1917 Reb. 21, 1917 Feb. 21, 1917 ur, 1, 1917 ¥ar, 1, 1917 Wwr.l, 1917
Five of day 1 P.Me € P.M. 4 PaMe 10130 Beie 3 Pele B PeXe
Barometer, inciea 29 460 29.67 29 .85 29,95 29.91 23,91
Thermometor, wet tmlb %P.  4B. 48.1 43.4 40.8 41.8 41.8
" éry " " 46, A7.2 4“4, 43, 43.7 43.7

Wind dlrectlon :’J‘E'o"ﬁ BCHQF‘. WQSOWQ ”J-\V. !.E‘ L anad
»  yslocity milas per hour 2 -4 12 9 =10 3 2 a1l
Sky ovorcast overcast gvercast everocast preroast overcast
Tninfall nil nil nil nil ntl ail

" previons 24 hours 0.12" 0,12 O.11" trace traoe trace

Artillery Obserwationg ‘

?y..6 of shull contalner steel steel stesl steel steel stosl
Nne 0f 45" howe 3 3 ] 3 . 3 3
I ronge, yards 1750 . 1780 1750 1760 17860 1750
Pront engaged, yards 20 20 20 40 40 0 ..
34ze of efrecilve area, yds. 20x30 20x30 20x30 40x30 40xB0 40x30
Upe.of rounds fired 25 25 g0 [ 3] k(] 80
Rounds in ares 13 9 23 30 43 - 28

Rate of #ire D.?F. 6 scC. -6 808 6 poo. 8 sote 3 sot. 3 -8e0.
Total time to fire — "2 MINGE5S sece 8 minIS £ec. 7 MIRZ 8004 - B min.S0 sec
Acouwrasy of shooting good’ fasir poor very goed good T good
Goats used 10 9 - 7 1¢ Y 3
Joe dead in 48 houra S 3 - 2 7 3
Rabbits used .. -~ - 9 8 14 7 10 "9
Hoe dead in 48 hours 8 R | l 1 2 e
Rats usad; died 48 hours 8/7 . 4/8 — A/ ~ Toefe
Mge * 3 " " ® -— - -— v/7 9/9 o 74 2N
¢ qjed, 21l animals 5348 g rvee 7.1 50,0 62.1 100

Roumrkey Trial Ho. S wing $30 high - trisl no. & conditions 1deale




Rate of Fire C . 8880 $ seaq. 3 sao.

Mne takon to fire all romds 6 mine % sed. Y mdn, B sec. 5 min, %0 seoc.
¥Wind velooity, miles per e 716 . inapprecisbdbls
4nimals killed, persent o . 80, . 100

Liters of liquid from sffeot~
ivo shell per ysrd of front ~ 0
per minute (179§ Ool .11

& Sonalusions.

Bxperimont 1 oompared with £ and 8, shors that with a wind
varying between 7 and 16 miles per howr no effeot is lixely to de prodused,

In oxperimant 1, 12 goats wer's placed in the trench at about
§ yerd intervals, bdut nons wore killed, 2 where direot hits were made were
efrected, ) having sovers rospiratory distross for 4 days.
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43. Kuin, Richier, Lovenhart, hxrell, Olayton, Wedster,
Diie ZiVIl=-29, ) . o

' Prolimirury pharmscologlocl veport on fiold tozts lamtare
GaL end ismiy Sares. foet mads itgust 21, 1918,

8« Qhlmatt

Toxieity on doge of pure musterd gas, orude mus tord gas,
puwrs muatrd gas pluz 15§ phosgens, and pure muatrd gas plus 157 onloz-
benzol ,when exploded from Y5-~gs shells,

Pwrity of puro mustard - 90.08%) of crude mustard 86. 76%,

b  JMathods

. Four fields used - ficlds lylxy perpenticuler to wira
direotion. :

Torsty-fomr 75 mxe gas shells in cach groups 6 tows af 4
shells esuchy rows 40 foe% 10mg &nd 4 foet spart--ghell banks 16D fest
eparg. E2ch grovp fired in banks of 4 sholl eash, E£uell 1ald en groumnd
with their noses inslined glightly dowmward, Irtorval datwesn firing
of saah group =~ 10 sgeconds, i,

dnimelsg = 20 dogs in front of each ghell banky b rows,
4 dugm sachw-sanh Row 60 foot long,13,7ft apart-—=doge fastenod by >t
chains. Front row-20 fest from front lm of tiell, Razr rowe?5 foot
from front lins of shell.

Poriod of exposurs = 10 AM. to 1 P.M.

411 shell £11led to 7/8 vol. (415 0. ) = £1tted with
regular Jarx IV loadad boosters azd sdopters.

S  Eateorolocisal Patar -

/

Veathor = clesr, warm aum o

Wind - 4% miles per how at firing, eve. 6 mi,/hr. for 1 hr.
Tap. = Mr 81°F., grownd §3%F., wet bulb 69°F,

Rolative rurddaity = 64,

Pressure = X0.08 inches. -

Sampling {ntervals -~ 1, 2, 3, 4, 8 nﬁn. froem front row to baek,
é

t
v
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A0 L1Z2 .12 12 .08 .11 18 .28 M. L13 a1 .1
08 L,09 BT .12 .12 «09 4T 12 14 1l 0% o7
011 09" 005 .13 .lﬂ bt 010 01‘ bu 012 015 .12
08 08 L09 «08 L,08 ,18 «11 0% .07 «18 «00 «09
.0' .06 .06 019 .M .08 010 012 007 Ou 012 .10
Fragmentation = ’

Pure mustard - 6 pocr, 18 good

Orude mustard = 5 failed, 11 poor, 8 good

Mustard plus 15% phosgene = 2 falled, 14 poor, 8 good
Mpstard plus 15§ chlorbansens = 18 poar, 11 goed,

o Beamltar
Xara pustard gas plus 158 chosena, f
Dled 69 hows  Disd 21 howrs Died 18 howrs = Diod 22 hours
Died 95 Pled 21 Died 54 " ——
Died 46 Lsocaped Died 8 éays
Died 456 ¥ Diod 8=1/2 Gays Died 26 " ———
Died 7 dsys -—— sanoney Died 19 dayw
f. Suwmarys

1. o date the mortarity om esah group u}

pwre mustard plus phossene -, 704
Pwe mustard ‘ : - 63%
Pure mustard plus chlorbenszans - 0%
Oruds mustard - 407

2,  During exposure anirmls exposed to mustard and phosgone wers more
depressed thon taose of other groupse . n

& Axulxtwre groups showing earliest dasathg = rank E
1st. hosgone and mustwrd, 5 deaths in 48 héure.
- &nde Chlorbenzens and mustard, § deaths in 48 howrs,
Xde Cruds mustard, 1 death in 48 houras, : :
4th. Pure mustard, no deaths in 48 hours, . {

4, Low mortality with crude mustard partly dus to poor fragmontations




44. Kvhn and Kolls, .
PeTe V1lI=Am7,

&  Qbiogty

Oarparison of the toxicity of (1) pure muatra, (2) orade
matard, (3) pure mmatard containing wg of phosgene and (4) pure
mstard contsining 153 ohiorbonsene, whon used s fillers.in 75 mm,
shell fired stastoally wmder field conditions, Bept. 16, 1918,

b Metods

1, 5hell danxs ~ 24 shell eagh, 1ling porpendicul ar
to wind = 180 feet apart, .

2. Ehell £11lirgs ~ ¥/8 vol. = 415 oo, af f1lled,
¥erx IV Booster ~ 0 gms. T.HeTsy 10 gms. totryl, i

Fleld 4 = purg mustard with 157 chlorbonzens
" B e pure mustara ¥1iih 157 prosgene
Y 0~ gride mmatsrd {63% pare)
¥ D - puwo muctard (96.25% purs)

-

5. Location of shell,

(a) 2¢ sholl in eaoh fr1a24,

{(b) 6 rows, 4 she1l ©ach,

(e} Matance of rows - 4 4, spart~fron
eaah group -40 feat -

(a) Poottion of sheil - Bose inclined slightly

" gowmward Ty

le) Ordar of firin: - geth growp fired banks
of 4 ghell alt 10 sac, intervale; ocorres~
ponding bamzs in eagh growp wurs fired
simal tanacusl y,

4. Loaztion o apimala;

‘ 20 dozs in front of eaeh Srow of shell =
8 rows, 4 dogs in eash row, roWs 13; f£t, apars, distancs from lime of
sholl to froat row 20 f£1., rsar row 75 £t. o '

1

5¢ ZExposure: Lot

a) Bozicity test = 113156 A5, to 8415 P.H,

b) Parsistoncs, ir positiom 1 and 4, of the
first row 4420 Pl to 10330 »z.4,

(e} Persistenos, in positioms 2 ang % of the
first row 23 hrs, sfter firing -« -
10115 L. to 4115 Py iy
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o  Matoorologinal Datas
Voather = m14, warx day, light clopds
¥ind - 5,1 miles per howr at time of firirg
5.8 mlles per hour, ave. velgoity for 1 hr.atter
firing s T
Tomperature - atr - 9°r,
ground - 8006070
wot buld = 68.2°F,
Balative Bumtdity - 8%
Pressure - £9,67 inghes
Direction of wing - '
Lims of firing = right angles to fisld
10 Min, later - veared to left
@wring first howr = varied between right angles sna
left inclination,
Prodably accounts for mare dsaths in lsft ef flela,

¢ Xoxloolopica) Patap

Dasd
Yead 111 hrs, Dosd 220 hae, Dead
Dead 100 » Isa 208 = Desa 211 nrs. Essapad
Dsad 35 » Dead 200 hrg. Dagd
v Dogd

Desd 38 Dagd 8 hrs. 41 hrs, ————

Bow 1 N ]
Fo. dled & ¢ 3 g ] i
Hoe xilled .

for autopsy 1(a eys) 12 0 1

lemgth of exposure, howrs 6 6 6 6
Hme &fter £1ring mhell wours § & . 23 25
Position of amgs -1 1-4 -2 & 1-3

(@Dl p . !

Puwre mustard ang phosgeng = 13 doathsz, 2 sev. 4 1ight casucliles

L] " " ehlordbenzens -~ 15 "e8 " 2 "
Orade ® .35 doaths, § 1ight osguslties ~ -
Pwre mustard - 12 deaths, 1 sovere, 5 lizit casuslties

(8) Mog of Gasth,

Cruds anmg De mmaterd, aszrlier dsaths than produced
-~ 188 -
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1.

Fron standpoint of toxicity.

(a ).

Little difference botween orude mms tard

and pure mus tard and chloardensene.

(v)

pwre mostard and phosgens,

pwe mustard,

(o)

Little difrerance bdotween pmre wustard end

(iude mustard prediminates elightly over

From tohtu nasber cagualties =~ pank

lst. Pwre muaterd plus 154 chlordensane

Crude austard

8rd. Pure wmustsrd plus 184 phosgens
4th, Pure mustard

Fram standpoint of parsiatenss

(a}

(v)

Six howrs aftsr firins of shells ~ rank
let., Purs nmstard plus 1535 chlorbenzens
Znds  Grpde mustard '

&rds Pure musterd plus 155 phosgene
4th, Pure mustard.

Tnenty-tiree hows after firin: of ghall -rank
lste Chlorbengzens edmixture
£nde Crude mustard ’
Srd. Pure mustarg
4th. fhoegers admixtwe (rapid drop in
econcentration). <
§

1
N
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45 Kolls snd Kuhne
B.E. XXV1II=$0,

foxicity on dogs of 8507 oarbdon monsxids end 5O% phosgana.

a. Qblagts

™ doterming effects on Gogs of & eloua oonsistiing of
60/60 mixtwre garbon moncxids and phosgzens from oylinders.

b.  Xathods

50 1b, mixiure of gas from eoch of Z eylindars - 20 foot
apart.
length of exposure ~ 3 min. (actually expossd to gas about
2 minutes. H.A.K.)
Positian of dogs:
1, Five aogs, 20 ft. intorvels, 40 {t. from cylimlers
2  Seven doge, X0 £t » 100 # "
&  5ix doga, HO ft. 200 0 "

o  lRisguasiols -
1, Pimg for ocomplate disgcharge of eylinders
{a) loft - 1 min, {b) Right - 2 min,
- Vind
{2) Dirostionm ~ right angles to field
() Volocity - 7 to 8 miles per howmr,

& Rasultes

l. First rowy . -
All nhused dsresaion, oonjmcuﬂtis. laglrymation

dypsnoea. -

Centzxr Acg and ons left of conter:

(a) imediate vomi ting

(b} doath within 24 hmn'l.
2o Secmd rows

Five aentrzl dogs: lacnrmtion, s'isht dypsnoes,

3 s
) )3 =

dapragaion,
‘ End dogx msllected. ,
411 normel in 48 hom‘l. g
2. x4 roms
Srzo ogntral 2ogcs 1acprym*ion
Erd dogss ‘wnaffsated
All normal in 43 hours,




1 Bftact of nnxtm-o lus than equal emount of
eithor. arsine or phosgene on dogs wnder similer oondi tons,

2. Area of leth.;.l cm_ontmtl_m.
40 feot from oylinders along center line
20 feet to left,
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454 licu.ter Bruce, ﬁmtth, Loevonhnrt and Iolls.
B, =76

8 Oblagly

0 dstermine toxislty of a B5U-50 mixture of phosgene and
chlorine when mnsed in the modblle gas unit, wnder fleld oonditions.

b Hathods and Rotsilss,

o aylindsrs, 30 lbs. each, of the nixture used, Animals
and oylinders arranged as Ln diagren in original report. Tioe of
exposure 30 minutes,

Amunt of gaa dueb.argad fren eylinder I =~ 30 lde.

* Deg =
mna od.’ diseharge txam cyunaar I~ 88 seconds .complete
* 11 - BS seaonds with nozsle,

2 seoonds wiuwnt. ~ N N -

¥otes Approximately .763 of total smount of toxto material was discha.rge&
in the 58 seoond periods

v

ccl&:&mw:

Wind = ¥ « 8 xdles per Bmzr.
Pauporatwre of air - 61 7,

W " ground - 58.4°%,
Barometer -~ 29,75 inches
Relative humldity = 42,5%
Gleer, bright smshina.

4 sec. i 1 ,
10 @ 2 0. 07"
3Q " Sa Laed § 0,00
3 » 2 ) 0620 =
1 nine 4 0.00; -
2 " 5] ~Atopgoqakilegizag [}
4 seq, B, i 126 70!
312 : g a 3.;53} Q.09
o " 8b 1.86 *
1l min, 4 €e57
£ 8 5 Qa AJ
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slda.

Sample Eoe

s b4 2 3 4 3 8

3 < 3 3 - 8 X
uw_.wum“ﬁmwuuﬁ_ww. zRige wmmuﬁww_wwmﬁmmw
salssdssisadssligsdecisadas mmme_mo. ailes g
ﬂ -

L LR 4 a ‘A da . %A aa
ARRRPAANNR IO RN R PRI NB RSO BN OO 80D P YN RN O
3 K 2 o : K K
MQ nulﬂnl m.leua“Q Min‘ﬂﬂaﬂ moll.n.m- MI ﬂxl,.mn MN !u.Mn “M‘Nn.MH

m.4mwwx.._..mmmz..7mwn:z4mam144mmw124mmwl M=Eoak




Pimo Gmyple o e QonoantxAtieE Malde 1

4 ses. Jde 1 - !
10 = 2 .
xn * 32 —— - Q00
&« = -3 -] 0,00 ‘
1 mn, 4 0., 30
L b 0,00 i
4 sas. K 1 0,00
T I 2 0.00
0 " Sa o 0400
% = t ] 0,08
1 min, 4 0.9%
N B 0. 10 4

e  JIxigologigal Rozultds,
Dags sxposed for #0 minutes =

All dogs in lat row showed dsprdvsion, conjunstivitis, lachrgmationm,
dyspnoes. 2 dogs vorited. i .

Five dogs in genter showed lachrymtion, slight dysphioes, and dapression,
IXg on eilther end of row unaffaecteds

In third rov, dog to left of conter and 2 dogs to right of eenter showed
lachr gmatione Other dogs unafrectod,

Ia 2¢ howrs dog in ocenter of lst row - dasd,

In 24 hours dog to left of conter of 1t row - doad. -

Iz 24 hours other 4qgs cenfer of ist rox - depressed, recovered in 48 hrs,
In 24 hours &1l dogs in 2nd row = normel in 48 hor_n-.:

f. Soncluaiomes. -

Lethel- concentration for dogs was produced in lst row
from genter dag to dog 20 feet to left of center. ;

.All dogs in 1st row (80 rt.) inospasttatad,

Rffost of mixture much less than ¢u equal amount of arsine |
or phoazang. discharse undsr similar contents in ‘88Me" pogl tion,

o

1
N
.
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Phosgsne, araenim'chlorids, shlarpiorin and stannig chlorids,

Swamary of mexizum persistencies for verious chierdcal £1llings in shell,

Filling 10vor gurface 1 Uadsr sarface s Covered Swr~ Zravel of oloud

Phosgene t6 min, in s e, “ocoxa A3 14~5 hrs.,, 24 $ 1800=2250
lorater, Livenst 13t0kes, 8180  150=4,5" how,
s drum s 12-2" T, M, boabs 1ghe11 .
100,00 5286 3 texploded n IGP. 360
s ] i trengh ]
13 1 . 1 8y ] L.
Phosgens aundiz-3 hre. ob~ 1300 howrs . 36 hrs, B4" $ D0 yds, at
chlorpierin & servers srect tQ O.P, 2640 $8takes bomds 232000 Jus. severe
: 120=22 hrg.ob~ ¢ tsrongh }laghrymation from
iservers stoop-t $0.Ce2s BI85 - tppug gn howitzer
iing O.0, P 26491 316 hrg. BO=4.8"igna11g .
LT s . 1Powi tmer shell.10.0,P, 2429
- | : 1820 R0 R8G9 o
Phosgaze snil. - tndl, 130 min,adinimum 13500 yas, trages
arsenicus 013G.0.P, 5269 19.0.p, B9 12-246" how's. 1of phosgene de-
and phosgones : N tex5l0ded in 1tected, very
stmmic ol. g “ttronch imarxed at 1400
Iy [} ‘G’OQPQ 3838 "d‘., 50-"5'
s : t howe shell
i

1

3 10.Cala B248 ]
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Afaat op Aximales
Bka Pala DaQe By %P1+ S,
1~29 YI11-A385 42 80
¥1-50 VilI=-A388 3 87
V=63~ VIII~A388 207 8
X1X~74 V11184389 -~ 108 - 10
XX11Iw138 208
XXVIII-90~8 . 218
IXIX~T8 221 (87W)
XXXII=87 228
b )
Affeat on Xsni
Ph, 1, 4, 13, 17, 20, 21, 40, 63
B, IX-36 .
b ZFe 66, 48=0-5
0.C.P. 148 (6064)
HoDDe 8
PuRe  VoR20
AePoH, 34=9-No. T
EDH! ?jT- MC. A;B-E‘.,_C:L. m' -z'- P,y
JV1I-84- VII-AMS 2 51 176 18 21 83=A  XKLIV~II=23
12=39 VIII-AE) 3 54 ) 650 XXX~ 39
IXNIII=90- VIII-3S 6 65 : 607
10  VIII=-ASES 29 64 L
KIZ26 VIII-a387 178 77 o
KXIV=66  VIII=4390 217 89 t
TIXVI=28  VIII~AZ98 219 95 o

242 '
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B.H, 2% 3 D4 . Z KsDaDa
AXVI I-48 11-A127 1 -2 . 3 J.H.M. 33
XXV1 11-30 Y11I-A385 2 50-11 . 45 CeVWelle X 1-part 11
XXIX~75 WLI-A356 36 30-12 &6 B.4.C.De 101
XXX~63 Y111-AB38 34 30-38 [} M. Phe 28 amd 29
XG-64 VI1I-A309 40 30=39%
XXi-64 -~ 4 WV-44
I -78 L7 275
XXXI 1~-93 (-}
XXX¥=-60 Y

¢
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, Mb 21010-5424

REPLY TO
ATTENTION OF

RDCB-DPC-RS . 15 Octobey 2015
MEMORANDUM THRU Director, Edgewood Chemical Biological Center, (RDCB-D/Dr.

Joseph Corriveau), 5183 Blackhawk Road, Aberdeen Proving Ground, Maryland 21010-5424

FOR Defense Technical Information Center, 8725 John J. Kingman Road, Ft Belvoir, VA 22060

SUBJECT: Internal Request for Change in Distribution

1. This action is in response to an Edgewood Chemical Biological Center (ECBC) Internal
Request for a Change in Distribution for the following documents as listed in attachment.

2. The listed documents have been reviewed by ECBC Subject Matter Experts and deemed
suitable for the change in distribution to read “Approved for public release; distribution
unlimited.”

3. The point of contact is Adana Eilo, ECBC Security Specialist, (410) 436-2063 or
adana.l.eilo.civ@mail.mil.

Encl NALD L. STAFFORD / Z

Security Manager
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